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BASAL ROT OF TOMATO! 
J. K. RICHARDSON? ANDG. H. BERKELEY3 
(Accepted for publication October 25, 1943) 
INTRODUCTION 


A hitherto unreported fungous basal rot on tomatoes appeared in a green- 
house in the London, Ontario, district in 1936 and 1937, and in another in 
1942. Though the disease is apparently uncommon in Ontario, the fact that 
the crop may be reduced as much as 50 per cent warrants the publication of 
a report at this time, even though the identity of the causal fungus has not 
yet been established. 

SYMPTOMS OF THE DISEASE 


The first apparent symptom is a marginal chlorosis of the leaves, most 
severe at the base of the plant, and progressing upwards. Affected leaves 
become necrotic, wither and die, resulting in a premature defoliation, and 
dwarfing of affected plants (Fig. 1, B), with a distinct tendency towards 
wilting during periods of excessive transpiration. 

The foliar symptoms result from an infected stalk and root system, in 
which the cortical tissue of the basal section of the stalk and roots, especially 
the laterals, may be entirely disintegrated. On the larger roots, especially 
of older plants, are found brown necrotie lesions, and characteristic ‘‘ean- 
kers’’ in which the cortical tissue is swollen and cracked (Fig. 1, A). In 
addition to the definite brown necrotic lesions on the roots, many infections 
appear as a brown flecking, which produces a russetting of the epidermal 
tissues. 


ISOLATIONS 


Tsolations were made from lesions of all types and from roots of all sizes. 
This material was thoroughly brushed in water to remove all adhering soil 
particles, cut into pieces | to $ inches long, washed in running water for at 
least 3 hours, then pressed into solidified potato-dextrose agar in culture 
dishes, and allowed to incubate at room temperature. Hyphal-tip transfers 
were made from the mycelial growth during a subsequent 2-week period in 
order to isolate as many fungi as possible. 

Over 1700 isolations were made from upwards of 700 plantings of all 
types of root lesions on plants of different ages growing in the greenhouse 
at different seasons of the year. Species of 10 identified and as many 
unidentified genera of fungi were obtained from these isolations, but those 
appearing in the largest numbers were Trichoderma spp., Fusarium spp., 
Cylindrocarpon spp., Pythium spp. and an unidentified fungus, hereafter 
designated as TR. Although the organism 7R did not appear more fre- 


1 Contribution No. 755 from Division of Botany and Plant Pathology, Science Service, 
Department of Agriculture, Ottawa, Canada. 
2 Assistant Plant Pathologist. 
’ Pathologist-in-charge. 
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Fig. 1. A. Roots of an infeeted tomato plant showing brown cankerous swellings. 
B. Typical yellowing, wilting and dying of the lower leaves of an infected plant. C and D. 
Seedlings growing in naturally infected soil (C) after and (D) before sterilization with 


steam 
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quently than the other species isolated, it did appear more consistently from 
the various types of plated material, thus suggesting a direct relationship 
with the disease. 

INOCULATIONS 

A series of inoculations using naturally contaminated soil, (1) in its 
original condition, (2) steamed, and (3) steamed, then inoeulated with oat 
cultures of 7R, were carried out at 5 constant-temperature ranges as follows, 
12-14° C., 15-17° C., 18-20° C., 22-24° C., and 26-28° C. The artificial 
growing conditions made the foliage symptoms somewhat inconsistent, but 
an examination of the roots revealed that the disease was more severe in the 
lower temperature ranges and somewhat less pronounced in the artificially 
inoculated than in the naturally infected soil. All control plants growing 
in the steamed soil had clean, white, healthy roots. Although typical root 
rot developed, there was an absence of the large, cracked swollen lesions 
associated with the disease under normal greenhouse conditions, suggesting 
that other organisms might be involved or that there might be a relationship 
between size of root and size of lesion. 

Accordingly, a second series of inoculations was made to test the patho- 
genicity of the 5 most frequently isolated fungi. Five isolates of each of 
these fungi were grown on sterilized compost moistened with a 2 per cent 
solution of dextrose in water. After incubation at room temperature for 
4 weeks the 5 isolates of each fungus were mixed together. In turn these 
composite cultures were mixed in all possible combinations. Small quanti- 
ties of this mixed inoculum were then added to pots of contaminated soil that 
had previously been thoroughly steamed. This procedure made a series of 
31 differently inoculated soils in addition to uninoculated steamed and non- 
steamed contaminated soil. Each lot was divided into 4 pots, which were 
planted with tomato seedlings and kept in the greenhouse. 

Throughout the duration of the experiment no records were taken on the 
growth of the plants because at no time was the variation between the plants 
in the differently inoculated soils greater than that between replicates of a 
similarly treated group. 

Upon examination of the roots of one series of plants on June 16, 27 days 
after inoculation, it was noted that, though there was some variation in bulk 
and extent of discoloration, there was no consistent correlation between their 
condition and the inoculum the soil had received ; even control plants grow- 
ing in naturally contaminated soil had comparatively clean and healthy- 
appearing roots. The roots of a second series of plants were examined on 
July 15, 56 days after being inoculated, but again no significant variations 
could be observed. 

Final observations were taken on the remaining two series of plants on 
October 6, 109 days after being inoculated; at this time the results were 
significant. Although there were few roots that showed the conspicuous 
swollen, cracked lesions, due possibly to their small size and confinement in 
the pots, there was a great variation in the number that showed browning 
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plant grown in pot of compost steamed then inoculated with soil culture of TR. 
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and necrosis. Roots growing in contaminated steamed soil were white and 
fibrous with only slight discoloration (Fig. 2, D). The roots on controls 
growing in similar nonsteamed soil, however, were greatly reduced in bulk, 
the larger ones severely browned and necrotic, with most of the smaller ones 
disintegrated. 

All root systems of plants in soil inoculated with isolates of a single 
fungus other than 7R, or in combinations where TR was not present, were, 
for the most part, comparable in bulk and appearance to the controls in 
steamed soil (Fig. 2, D). However, where TR had been used in the inocu- 
lum, either alone or in combination with other species, the roots were severely 
diseased (Fig. 2, E), and, in some cases, in even worse condition than those 
growing in nonsteamed contaminated soil. Reisolations of TR were ob- 
tained readily from these roots. 

These results prove not only that TR is capable of causing the disease, 
but also that it was the only species of the 5 tested that had more than a 
minor detrimental effect on tomato roots. All others were probably secon- 
dary invaders and bear no significant connection with the disease. 


DESCRIPTION OF THE PATHOGEN 


Though the causal fungus grows slowly, it can be readily isolated and 
cultured on various types of media. However, since no fruiting bodies have 
been found, identification has not vet been possible. 

In an attempt to induce sporulation, cultures have been grown on both 
solid and liquid potato, prune, Lima-bean, and corn-meal media alone and 
with varying quantities of dextrose ; malt and beef extract with and without 
peptone and potato-dextrose, and corn-meal agars with various pH values; 
on potato plugs and stems, tomato stem and root material, in various types 
of soils and soil solutions, and on several synthetic media. Cultures were 
held at various constant temperatures at variable room and basement tem- 
peratures in light and in darkness, removed from cold to warm locations and 
vice versa, and subjected to ultraviolet light for varying lengths of time. 
Both cultures and diseased roots have been exposed to drought, excessive 
moisture, freezing, alternate freezing and thawing, drying and wetting, and 
refrigeration at various stages of growth, but all to no avail. 

Failing in our attempts to identify the organism, cultures were sent to 
mycologists at Ottawa, Cornell University, and the Imperial Mycological 
Institute, England, but all reported they were unable to identify it. 

The causal fungus is a nonsporulating, dark-colored, slow-growing organism, spread- 
ing from 3 to 5 em. on potato-dextrose agar in 10 days at 23-24° C., and covering the sur- 
face of a 10-em. Petri dish in from 3 to 4 weeks. Aerial mycelial growth is tight-cottony, 
smooth, or slightly tufted, raised to 0.3 to 0.5 em. above the surface of the medium, and 
light-gray, at times tinted with subdued pink. With age, the mycelium collapses to the 
surface of the culture, becoming moist and shiny. The reverse of the colony is zoned from 
a central point, and varies in color from grayish-brown to greenish-black, depending on the 
intensity of pigmentation of the medium, and is bordered by a narrow margin of light 
growth. Young mycelium is 2-4 u thick, sparsely branching with few septa, and has a 
tendency to form narrow strands of closely packed paralleled hyphae running through the 
thallus. With age, it becomes darker colored, coarser, from 4 to 8 u thick, becoming very 
closely septated with constrictions mostly at, but occasionally between, the septa, giving 
the appearance of chains of irregularly shaped, thin-walled chlamydospores. 
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CONTROL 

Though it was known that sterilization of the soil by steam was effective 
in controlling basal rot (Fig. 1, C), it was desirable to test the effect of disin- 
fection by chemicals, since steam is not available for sterilization purposes 
in all greenhouses. 

Accordingly, the soil in a section of the laboratory greenhouse was inocu- 
lated by mixing with it a quantity of the contaminated soil from a green- 
house in London, Ontario. <A test tomato crop grown in this mixed soil 
became severely affected with basal rot, indicating successful inoculation of 
the soil, 

Accordingly, areas 8 x 9 feet were treated with steam, chloropicrin, and 
Formalin, respectively, while a section twice as large was left untreated as 
a control. The chloropicrin was applied with a Larvajector in dosages of 
2} ce., 6 to 8 inches deep and 10 inches apart, and Formalin was used 1 part 
in 50, at the rate of ? of a gallon to each square foot of soil. After treatment 
with Formalin, the soil was covered for 3 days with moist paper, while a 
vas-proof paper was placed over the chloropicrin-treated soil for a similar 
period. At the time of treatment the temperature of the soil at a depth of 
4 inches was 76° F. After the prescribed elapsed time, tomato plants of the 
Grand Rapids variety were planted in all plots, and records were taken as to 
height and crop. In all, 22 pickings were made between June 23 and August 


12, 1941, as recorded in the following table. 


TABLE 1.—Yield of tomatoes June to August, 1941 


Treatment No. of plants Weight of fruit Weignt -— 
in pounds plant 
Steam 14 149 10.6 
Chloropicrin 14 39 9.9 
Formalin 14 143 10.2 
Untreated 28 154 ee 


When harvesting commenced, the plants in the untreated section were 
much smaller, lighter in color, and only half as tall; and those in the Forma- 
lin section were 6 to 8 inches shorter than the plants in the steam and chloro- 
picrin-treated areas. An examination of the roots showed no visible signs of 
the disease in the steam- or chloropicrin-treated soils (Fig. 2, A), whereas a 
trace was present in the Formalin-treated soil, and severe infection in the 
untreated control (Fig. 2, B and C). 

After this crop had been harvested, the plants were removed, and the soil 
from all plots was thoroughly intermixed. In the fall of 1941 the experi- 
ment was repeated, using similar steam and Formalin treatments; but the 
chloropicrin injections were reduced from 23 to 2 ce., and the gas was re- 
tained in the soil by keeping the surface of the soil wet for 3 days, instead of 
using the special gas-proof paper covering. 

Though the plants were smaller in this experiment, the disease on the 
various plots was similar to that found in the first test. The average vield 
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TABLE 2.—Yield of tomatoes from 18 pickings extending from February 12 to May 
1, 1942 


Treatment | No. of plants Weight in pounds | Weight per plant 
; ; 
Steam 15 40.5 2.7 
Chloropicrin 15 48.0 3.2 
Formalin 15 39.0 2.6 
Untreated 20 24.0 1.2 


from the two experiments covering a fall and a spring crop was 6.6 lb. per 
plant for steam sterilization, 6.5 for chloropierin, 6.4 for Formalin, and 3.3 
for the untreated control. 

These results clearly indicated not only that basal rot reduces the yield, 
but that it can be satisfactorily controlled by soil sterilization with steam, 
chloropicrin, or Formalin, though Formalin is apparently the least effective 
of the three. 

SUMMARY 


A hitherto unreported basal rot of greenhouse tomato, caused by an 
unidentified fungus has been found in the vicinity of London, Ontario. 

Tsolations and inoculations have proved the pathogenicity of the causal 
organism. 

The symptoms of the disease, consisting of defoliation of the lower leaves 
and a cortical rot of stalk and roots, and a description of the pathogen are 
riven in detail. 

The disease, which may reduce vield as much as 50 per cent, can be con- 
trolled by soil sterilization with steam, chloropicrin, or Formalin. 

DEPARTMENT OF AGRICULTURE, 

OTTAWA, CANADA. 








THE UNIMPORTANCE OF TOMATO SEED IN THE DISSEMI- 
NATION OF VERTICILLIUM WILT IN CALIFORNIA’ 


B. A. RUDOLPH? 
(Accepted for publication January 14, 1944) 


Verticillium wilt of tomatoes was first reported in California by Rudolph 
(6) in 1926. He also advanced proof (6, 7) that certain other diseases so 


b] 


troublesome in the State, namely, ‘‘blue stem”’ of raspberries and ‘‘ black 
heart’’ of stone fruits, are of identical origin and readily interecommuni- 
cable. That the disease, caused by the soil-borne fungus Verticillium albo- 
atrum R. and B., was not recognized in tomatoes in California at an earlier 
date by other workers may be attributed, in all probability, to the fact that 
its symptoms are so similar to those of Fusarium wilt, already established 
and well known in the State, that it was simply mistaken for it. Subsequent 
studies showed that most of the so-called Fusarium wilt in the central coastal 
counties of California, particularly in the San Francisco Bay Region, is actu- 
ally Verticillium wilt, also that true Fusarium wilt ordinarily is of little eeo- 
nomic importance there. The latter has been shown by Shapovalov and 
Lesley (8) to constitute a serious problem in other sections of California, 
however, including several coastal counties where both fungi may prove 
equally destructive in the same field and even in the same plants (10). 

In 1939, Shapovalov and Rudolph (9) briefly described the Essar,’ 
a Verticillium-wilt-resistant canning tomato produced at the University 
of California Deciduous Fruit Field Station at San Jose, with the financial 
assistance of and at the request of the Canners League of California, which 
organization had come to recognize the seriousness of the disease in the 
San Francisco Bay Region and attributed to it much of the decline in 
tomato production there, both from the standpoint of quantity and quality. 

Not only canners but growers and seedsmen alike became interested in 
this seemingly new disease, especially the latter, since seed production is 
an important industry in California. Because of the suddenness with which 
all classes of tomato growers became aware of the prevalence of Verticillium 
wilt virtually everywhere in the State, it was only natural that the question 
should arise as to what role, if any, the seed plays in its transmission. 

In 1932, experiments designed to throw light on the problem were 
started at the Deciduous Fruit Field Station at San Jose and concluded 10 
vears later. In 1934, Kadow (2) published the results of similar experi- 

1 Received for publication January 4, 1944. Much of the work reported in this paper 
was done under Work Projects Administration, Projects 50-—1859—50-11992—50-12456-D. 

Associate Plant Pathologist in the California Agricultural Experiment Station. 

\ technical description of the Essar tomato, together with data covering canning 
tests made annually for five years by the Canners League of California as well as physical 
and chemical tests made by the National Canners Association has been written but never 
published. These data show that in addition to its greater resistance to Verticillium 
wilt, the Essar very definitely excels the Early Santa Clara Canner, the variety most 
commonly used in California for canning, in the production of ‘‘solid pack’’ and other 
better grades of canned tomatoes. 


G20 
































1944 | RvupoLPH: VERTICILLIUM WILT AND TOMATO SEED 623 


ments from which he concluded (2, 3) the disease to be seed-borne. Because 
his results were at such great variance with those already obtained here, and 
because no other reports of similar work have appeared, it was considered 
inadvisable to discontinue the experiments until there could no longer be 
any reasonable doubt, under California conditions at least, as to whether 
the seed actually can constitute a real factor in the dispersal of the parasite. 


THE PLAN OF THE EXPERIMENTS 

Except for certain changes and simplification of technique described 
farther on, expedient to the production of a greater number of cultures, the 
general plan of the experiments was as follows: 

In the fall, a representative sample, or even the entire crop, of sound, 
ripe tomatoes produced on one or more plants in the most advanced stage 
of Verticillium wilt* were clipped from the vines. The plants themselves 
were also dug up and cultures made from the main stems to prove the 
presence of the parasite. The routine procedure consisted of scrubbing a 
section of the main stem of each plant with a brush, disinfecting the same 
by immersing it in a mercuric bichloride solution 1/1000 for 5 minutes, 
after which it was washed with sterile distilled water, the usual precautions 
to insure asepsis being taken at all times. Plantings taken from the dis- 
colored vascular system were made in Petri plates of Czapeck’s agar slightly 
acidified with lactic acid to suppress bacterial growth. At the same time, 
cultures were also made from the receptacles of each fruit, great care being 
taken in working them free by hand not to tear the flesh at the point of 
attachment to the tomato. Each receptacle was then clipped from the 
peduncle at the node, scraped with a scalpel to remove dead cuticle and 
dirt adhering to it, scrubbed with a brush and disinfected in the manner 
described. Then the receptacle and short length of peduncle attached to 
it were cut into 3 or 4 sections with flamed instruments and planted in a 
Petri plate of slightly acidified Czapeck’s agar. 

Each fruit was lightly sponged with a very weak solution of iodine in 
95 per cent ethyl alcohol after which a conical plug, which included the 
point of stem attachment and most of the core, was cut out with a flamed 
scalpel. Three or 4 transverse sections of this plug were sliced off and 
placed in a Petri plate of slightly acidified Czapeck’s agar. This phase of 
the experiment was designed to show to what extent the fungus, having 
reached the receptacle, is capable of invading the vascular system of the 
fruit, which is highly developed in the core. The tomatoes from which the 


4In experiments conducted at the Deciduous Fruit Field Station to determine the 
relative resistance of many well-known varieties of canning and market tomatoes as well 
as hybrids of the same to Verticillium wilt, large numbers of plants are artificially in- 
fected as follows: 

At the time the young plants are set in the field, a maximal slant culture of 
Verticillium albo-atrum R. and B. grown on Czapeck’s nutrient agar in standard culture 
tubes, } inch outside diameter and 6 inches in length, is scraped into the hole in direct 
contact with the roots of each. A 2% agar is used to make the medium tough and to 
facilitate its easy removal from the tubes. The fungus grows well upon Czapeck’s agar 
and produces its micro-sclerotia over the entire surface in a continuous or unbroken crust. 
The test is severe, and few plants inoculated in this way escape infection. 
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cores had been removed, properly identified, were kept in sterilized jars in 
an electric refrigerator pending the outcome of the cultures. 

Finally, cultures were made from the seed of each tomato, the core of 
which had yielded Verticillium in culture. Each fruit was squeezed gently, 
and as the seeds oozed out of the cavity made by the removal of the core, 
they were picked up with sterile forceps and planted in slightly acidified 
plates of Czapeck’s agar, usually 8 seeds to a plate. 

A minimum of 3 weeks was allowed to elapse from the time any culture 
was made until it was discarded if Verticdlium had not developed earlier. 

Results Obtained in 1932. In Table 1, the results obtained with the 
technique described above are given. <A record was made of the discolora- 
tion observed, if any, in the vascular system of the receptacle and the core. 
All plants were severely diseased, and the fungus had been isolated from the 
main stems. 

In this preliminary experiment no count of the seed cultured was made, 
but it must have been considerable. Most of the seed germinated vigorously 
in the plates without evidence of a fungus of any kind being present. 


TABLE 1.—Results obtained in 1932 from cultures made from the receptacles, cores 
and seed of tomatoes produced on vines severely diseased with Verticillium wilt 


Total | | Total 


No. of Total receptacles | Total | cores Total cr-pedery 
Variety | diseased fruit infected receptacles} infected | cores | vieldin " 
plants | cultured with discolored with | discolored Fe? ticillium 
Verticillium | Verticillium| 
Hybrids 14 287 44 40) 7 71 0 


Hundreds of the tiny plants were crushed or cut in half in the plates with 
sterile scissors and pressed deep into the agar to induce the fungus to estab- 
lish colonies there if it were present in the vascular system. The fungus 
never appeared. 

The experiment reported above quickly showed no relation to exist be- 
tween the discoloration in the receptacle and the core; both may be dis- 
colored in the same fruit, or possibly the receptacle alone may show dis- 
coloration and the core none. And vice versa. It will be noted that there 
was vastly more discoloration observed in the cores than in the receptacles. 
This was probably due, in part at least, to the fact that the considerable size 
and whitish color of the circular dises of core tissue transferred to the plates 
made any discoloration present easy to detect, whereas the dark green and 
small size of the receptacles made it more difficult or uncertain. It was 
observed that discoloration became more pronounced in the sections of core 
tissue with passing time, possibly due to oxidation. Often neither receptacle 
nor core showing pronounced discoloration yielded the fungus in culture, 
which is in line with the observations of several workers who have noted 
that the discoloration of the vascular system of plants affected with Verti- 
eillium wilt may precede the actual invasion of the tissue by the fungus 
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TABLE 2.—Results obtained in 1932 from cultures made from the seed of tomatoes, 
the receptacles of which were infected with Verticillium 





| Total Total 
Variety diseased infected of seed a ldin 
| plants with |  eultured | 


V erticillium Verticillium 


Break O'Day } 5) 7 | 1202 0 
Hybrid 5 5 1100 0 





(4,5). Occasionally, Alternaria sp. was isolated from the sections of dis- 
colored core tissue. 

When it became apparent that no correlation existed between the dis- 
coloration of the receptacle and core, the plan of the experiment during the 
balance of the year was simplified ; cores were no longer removed from the 
fruit, but cultures of the seed were made from all tomatoes, the receptacles 
of which had yielded Verticil/ium in culture. A count of the seed cultured 
also was made (Table 2). 

TABLE 3.—Results obtained in 1933 from cultures made from the receptacles, cores 
and seed of tomatoes produced on vines severely diseased with Verticillium wilt 





Total | Total 





Total 











| No.of Total Total no. 
Variety | diseased | fruit | receptacles cores | seed of seed 
| plants cultured infected infected cultured | diseased 
| | 
Hybrids...) 10 | 6& | 18 1 lige | 








a From 9 small fruits. Time would not permit of culturing the seed of the remaining 
9 with infected receptacles, 

Again, it was observed that much of the seed germinated normally. 
Neither the seed nor the young plants clipped in half or crushed yielded 
Verticillium when pressed deep in the agar. 

Results Obtained in 1933. Cultures were made from the main stem, 
receptacle, core tissue, and the seed in the manner described (Table 3). 

It will be observed that one seed cultured in 1933 yielded Verticillium. 

Results Obtained in 1936. After a lapse of 3 vears the work was resumed. 
Cultures were again made from the main stem, receptacle, and seed from 
those tomatoes, the receptacles of which had yielded Verticillium in culture. 
None of the seed cultured vielded Verticillium (Table 4). 


TABLE 4.—Results obtained in 1936 from cultures made from the receptacles and 
seed of tomatoes produced on vines severely diseased with Verticillium wilt 











No. of | Total Total Total phe 
Variety diseased fruit receptacles seed RE 
. rie : vielding 
plants cultured infected cultured Verticillium 
wt | a Bees | 
Hybrids 15 41 3 | 193a 0 





a From only 2 of the 3 fruits with diseased receptacles. 
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TABLE 5.—Results obtained in 1940 from cultures of seed of tomatoes, the recep- 
tacles of which were infected with Verticillium. Also the total seed count of tomatoes 
produced on the same plants, the receptacles of which were not infected 





} Total Total 
. seed | seed 
cs Total Total | cultured Total count 
jlants ti : “te | : “a 
Variety infected fruit receptacles | ir Pst aso 
with | studied infected s ‘Reeetee : 
V erticillinm ; with | seed with 
| infected healthy 
receptacles receptacles 
Pearsol 5 79 0 0 0 21,117 
Essar 2 38 0 0 0 8,098 
Early Santa 
Clara Canne1 o 5] 1 245 0 11,504 
San Marzano 13 310 0 0 0 20,056 
Break O’Day 31 457 3 465 0 84.916 
Total 54 935 4 710 0 145,691 


Results Obtained in 1940. After a lapse of 4 years the experiment was 
resumed on a very large scale made possible by the Work Projects Adminis- 
tration, which organization furnished laboratory technicians to assist with 
the work. Never less than 2 and as many as 4 men and women, trained by 
the wr.ter to make cultures, were kept steadily on the job from the beginning 
of the harvest season until frost had destroyed the vines at the Deciduous 
Fruit Field Station. Then the work was continued with tomato plants and 
fruit brought from Salinas in Monterey County, where milder temperatures 
ordinarily prevail, until frost eventually destroyed the vines there, also. 
Cultures were made from the seed of all tomatoes, the receptacles of which 
had vielded Verticillium in culture. Counts were made not only of the seed 
cultured, but also of all other seed produced on the same plants by tomatoes, 
the receptacles of which had not yielded Verticillium in culture. Such seed 
necessarily must have been healthy. The counts were made simply to 


determine the total seed production of the diseased plants at the time they 


TABLE 6. Results obtained in 1941 from cultures of seed from tomatoes, the rece p- 
tacles of which were infected with Verticillium. Also, the total seed count of tomatoes 
produced on the same plants, the receptacles of which were not infected 

Total | Total 
seed seed 
No. of | m 
on on | cultured | Total count 
plants Total | Total . } . i 
ea shes from no. of from 
Variety infeeted fruit | receptacles ar | a. ee 
eee fruit diseased fruit 
with studied | infected ge - 
Verticill with seed with 
oh catia eink infected healthy 


| receptacles 


receptacles 





- | 


2,126 


Essar l 17 |} 0 0 0 
Hybrid j 56 ] 210 0 } 14,389 
Break O’Day 37 920 94 | 21,810 ] 197,605 
Essa 21 72 { 422 0 68,284 
rot 63 1.465 | 99 22 442 1 | 282,404 


The Essary tomato, definitely susceptible to Verticillium wilt, produced by the 
Tennessee Agricultural Experiment Station (1) is not to be confused with the Essar, a 
resistant variety produced by the University of California. 
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were dug. All plates were read under the microscope by the writer. The 
results are given in table 5. Verticillium did not develop in culture from 
any of the 710 seed. 

Results Obtained in 1941. In this, the closing year of the experiment, 
exactly the same technique used in 1940 was employed. Again the cultures 
were made by assistants furnished by W.P.A. The results are given in 
table 6. 

As seen in table 6, one seed among the 22,442 cultured yielded the fungus. 


DISCUSSION 

During the course of the experiments reported in this paper a minimum® 
of 26,768 seed from 180 tomatoes, the receptacles of which had been proved 
to be infected, were cultured, and of these only two seeds yielded Verticil- 
lium; one in 1933 (Table 3), and one in 1941 (Table 6). A total of 164 
plants of 5 varieties and several hybrids representing extremes in resistance 
to the disease were used, including the Break O’Day (most susceptible), 
Essar (least susceptible), Pearson, Early Santa Clara Canner, Essary, and 
San Marzano, but most of the work was done with the Break O’Day, pur- 
posely raised for use in the studies because of its pronounced susceptibility. 

Sight must not be lost of the fact that the 26,768 seeds cultured from 
180 tomatoes during the entire experiment did not represent the total 
seed production of the plants from which they were taken. Cultures were 
actually made from 2,792 receptacles of tomatoes from the same plants, but 
when they were found to be healthy, it was considered useless to culture the 
seed. Thus, the seed of those tomatoes whose receptacles were infected, rep- 
resented only a relatively small portion of the total seed production of the 
plants. To further illustrate: in 1941, 63 seriously diseased plants produced 
99 tomatoes whose receptacles were infected, and therefore, might reason- 
ably have been suspected of containing diseased seed. These tomatoes pro- 
duced 22,442 seed, only 1 of which yielded Verticillium in eulture. The 
other seeds were healthy in every way, Judging by the rapidity and vigor 
with which the great bulk of them germinated in the plates. But these same 
plants had 1,465 tomatoes on them at the time they were dug, the receptacles 
of which were not infected, and toward which no doubt could possibly be 
cast on the health of the 282,404 seeds they contained; if the fungus had 
not reached the receptacles, it goes without saying it could not have infected 
the seed of the fruit borne on them. Therefore, out of a total of 304,846 
seeds produced by the 63 seriously diseased plants at the time they were 
dug, only 1 single seed was involved. The ratio between the diseased and 
healthy seed is such that the factor of possible seed transmission of the 
disease is utterly negligible and of no economic importance. 

All of the data cited above were compiled from experiments with seed 
produced by seriously diseased plants. Tomato seed is produced commer- 


5A minimum figure, since no record was kept of the number of seed cultured in pre- 
liminary stages of the work. 
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cially from healthy plants rather than diseased as far as possible; conse- 
quently, the ratio in commercial seed between the healthy and diseased, 
might logically be expected to be vastly more extreme than that found in 
the experiments reported here. 

There can be no doubt that in exceedingly rare instances the fungus 
can ascend the vascular threads as far as the seed, but whether on the two 
occasions reported in this paper it actually parasitized the seed is not known 
for the following reason. Each tomato seed is embedded in a gelatinous 
matrix through which runs the exceedingly fine, delicate, almost translucent 
vascular thread or funiculus that connects the seed with the placenta. Con- 
siderable lengths of this vascular thread, often exceeding that of the seeds 
themselves, remain in the jelly surrounding the seeds when they are removed 
from the tomato experimentally or in commercial extracting processes. 
Thus the fungus, in the two instances reported in this paper, actually may 
not have reached the seed at all, but rather have been confined to the short 
length of vascular thread adhering to it. If so, in the fermenting process 
by which tomato seed is prepared commercially for the trade, this gelatinous 
substance, together with the vascular elements contained in it, would slough 
off taking the parasite with it and leaving the seed as healthy as any other. 
Neither of the two seeds with which the fungus was associated in culture 
verminated, which suggests that they were parasitized and killed. It is 
barely possible that had the seeds been kept longer they might have germi- 
nated, but in the writer’s opinion this is doubtful. Verticedlium rapidly 
developed in the cultures and enveloped the seed in typical colonies. 

Assuming the seeds actually to have been parasitized and killed, then 
they could not have produced plants the following spring and, accordingly, 
could constitute no menace. Then again, assuming the seed to have been 
parasitized without being killed, there is no assurance the fungus itself 
would survive the winter to attack the germinating plants the following 
spring. 

Kadow (2) has reported experiments in which he found as much as 56 
per cent of the tomato seed he worked with to vield Verticillium in culture 
and from which he concluded the disease to be seed-borne (2, 3). Why the 
results reported in this paper are at such great variance with his is hard 
to explain. The writer respectfully submits the suggestion, however, that 
final proof that the disease is seed-borne rests on germination studies with 
such seed in the spring following infection to determine whether (1) the 
seed is viable, and (2) any of the plants produced of such seed in sterilized 
soil develops Verticillium wilt. By such experiments alone can it be deter- 
mined definitely that the use of infected seed constitutes a hazard. 

In the light of the considerable data presented in this paper, tomato seed 
extracted from fruit produced by vines affected with Verticillium wilt must 
be regarded as safe to use. The question arises as to how the disease is 
disseminated. Verticillium albo-atrum and its related forms are known to 
attack over 200 widely unrelated plants including stone fruits, bush fruits, 
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pome fruits, truck crops, field crops, ornamentals and weeds. Once intro- 
duced into the soil through the medium of diseased cuttings, nursery stock, 
ete., the fungus may be expected to attack any of the other susceptible 
plants that may be present or even live saprophytically on plant debris, 
manure, etc. That the very unsanitary custom of disking under old tomato 
vines at the close of the season to increase the humus content of the soil is 
fraught with danger and provides an excellent means of increasing the 
fungus in the soil is seen in the following observation. 

At the Deciduous Fruit Field Station an employee made the mistake of 
raking dead, artificially infected, tomato vines, that had been grown for 
the first time on the soil, over a wooden barrier on to adjoining healthy soil 
where he stacked them in piles and burned them. Then he disked the ashes 
into the soil. The writer examined the sites of the bonfires and determined 
that many fragments of the main stems and heavier branches had withstood 
burning and were either disked under completely or left partially pro- 
truding from the soil. The following spring Harold E. Thomas, a staff 
member conducting extensive strawberry investigations at the Station, 
planted a bed of strawberry plants in the hitherto healthy soil. Along the 
barrier, particularly in the spots where the tomato vines had been burned, 
and at no other place, the strawberry plants developed Verticillium wilt. 
The incident established beyond all doubt the ease with which the fungus 
may be introduced into healthy soil by unsanitary cultural practices. In 
this same way infective débris might easily be transported on farm ma- 
chinery or implements from one piece of ground to another. 

The writer does not wish to infer dissemination of the disease by the seed 
to be impossible, but rather, highly improbable. At least, such dispersal 
must be regarded as utterly insignificant and of no economie importance in 
comparison with the other means briefly referred to here. 


SUMMARY 


Experiments were conducted during five different seasons over a period 
of 10 vears to determine whether tomato seed produced on vines severely 
attacked by Verticillium wilt might harbor the fungus. The receptacles 
of 2,792 tomatoes produced on 164 severely diseased plants were cultured 
but only 180 were found to be infected. More than 26,768 seeds, taken 
directly from these 180 tomatoes with diseased receptacles, were cultured. 
Only 2 seeds yielded the fungus. The plants used consisted of several 
hybrids and the following varieties: Pearson, Break O’Day (most suscep- 
tible), Essar (least susceptible), Essary, Early Santa Clara Canner, and 
San Marzano. The total seed cultured represented a relatively small num- 
ber, only, of the total seed produced by these same plants, since most of the 
tomatoes were borne on receptacles which did not yield Verticillium in cul- 
ture and, accordingly, must have been healthy. 

The experiments revealed no significant relation between the discoloration 


of the vascular system in either the receptacle or the core; both may be dis- 
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colored in the same fruit, or possibly the receptacle may show discoloration, 
and the core none. And vice versa. 

The great bulk of seed produced by diseased plants germinated readily 
and produced healthy plants in the culture plates. Large numbers of these 
plants were either crushed or cut in halves with sterile scissors and pressed 
back into the agar to enable the fungus, if present in the vascular system, to 
establish colonies. None developed. 

The fact that two seeds vielded Verticillium in culture did not neces- 
sarily prove them to be infected, since in each instance the fungus may have 
been confined to the funiculus embedded in the gelatinous matrix that sur- 
rounds each tomato seed. If so, the ordinary fermentation process by which 
tomato seed is prepared for the trade would rid the seed of the gelatinous 
envelope, the funiculus, and the fungus contained in it. Neither of the two 
seeds germinated, which might indicate that they had been parasitized and 
killed. If so, they could have constituted no factor in the dissemination of 
the disease when planted. Assuming the seed to have been parasitized but 
not killed there is no assurance that the fungus would live over winter to 
attack the voung seedlings the following spring. 

The writer does not wish to infer that seed cannot become infected and 


] 


actually transmit the disease but, rather, considers it to be highly improbable 


and certainly of no economic importance. Other means of dissemination are 
discussed 
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CHALARA QUERCINA N. SP., THE CAUSE OF OAK WILT! 


B. W. HENRY 


(Accepted for publication November 19, 1943) 
INTRODUCTION 


Oak wilt is probably the most important disease of oak trees, particularly 
of Quercus borealis Michx. (red oak) and Q. velutina Lam. (black oak), in 
Wisconsin and neighboring States. It is characterized by wilting and death 
of the foliage, followed usually the same vear by death of the tree. The 
symptoms of the disease and proof of the pathogenicity of the causal fungus 
have already been given (2). The description of the pathogen is the pur- 


pose of the present paper. 
THE PATHOGEN 
Macroscopic Cultural Characters 


The macroscopic characters given, unless stated otherwise, are of 1-week- 
old cultures grown on 2 per cent malt agar® in Petri dishes at 25° C. The 
aerial mycelium was fluffy, 1-3 mm. high, and light gray (3, Plate 2, A 1) 
to olive-green (3, Plate 15, L.4) in color by reflected daylight. Occasionally 
present were raised patches of tan mycelium on which were droplets of 
clear to amber-colored liquid, which sometimes contained suspended conidia. 
The surface and sub-surface mycelium was hyaline to olive-green by trans- 
mitted daylight. Through the bottom of a Petri dish a culture appeared 
darkest toward the center with irregular areas and or radiating lines of 
olive-green mycelium toward the hyaline margin. The margin was entire 
or nearly so. <As the cultures aged, the tan color often became more pre- 
dominant, the mycelium more appressed, and sclerotia often appeared. 
Loosely knit, irregularly shaped, tan to black sclerotial masses up to 2.5 em. 
in diameter were observed in 3-month-old cultures in 6-0z. bottles. Cultures 
1 to 3 weeks old had a characteristic odor suggesting old apple cider. 

The diameter of 1-week-old cultures growing directly from chips of dis- 
eased wood varied from 1 to 2.5 em. (Fig. 1, A). First transfers from such 
cultures were 1.8 to 3.2 em. in diameter at a like age. The optimum tem- 
perature range for growth was 24-28° C. on corn-meal, nutrient-dextrose 
and 2 per cent malt agars.* Slight growth appeared in 2 weeks time at the 
extremes of 8° and 32° C. 


1 Published with the approval of the Director of the Wisconsin Agricultural Experi- 
ment Station. Acknowledgment is given to the Wisconsin Conservation Department for 
cooperation and encouragement in these investigations. 

2 The malt agar consisted of 20 g. Trommer’s malt extract, 18 g. shredded agar, and 
distilled water to make 1 liter. 

‘>The corn-meal agar contained 60 g. yellow corn meal, 15 g. shredded agar, and 
distilled water to make 1 liter; the nutrient dextrose as given in Riker, A. J., and Riker, 
Regina S., Introduction to Research on Plant Diseases, 116 pp., John 8. Swift Co., Ine., 
St. Louis, Chicago, New York, Indianapolis, 1936; the 2 per cent malt agar as given in 
footnote 2. 
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Fic. 1, Chalara quercina n. sp. A. Seven-day-old cultures from chips of diseased 
wood on 2 per cent malt agar in a Petri plate. B. Photomicrograph of conidia in a water 
mount. OC, D, E. Photomicrographs of conidia and conidiophores. F, G, H. Silvertone 
drawings of C, D, and E, respectively. Measurements of colonies, conidiophores, and 
conidia are given in the text. Photographs and drawings by Eugene Herrling. 
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Few variations appeared in different isolates as they grew from chips 
of diseased wood or in the first transfer from these original isolations. In 
such cultures the fungus was readily identified by macroscopic characters. 
As the isolates were kept in stock at room temperature, however, and as 
masses of mycelium were transferred to fresh malt or nutrient-dextrose agar 
slants every 3 to 6 months, variations occurred in the color of the mycelium, 
in the rate of growth, and in the amount of sporulation. Over 100 isolates 
from a like number of naturally infected trees were carried in stock for vari- 
ous periods of time. Six of these isolates, obtained in 1941, were proved 
pathogenic in 1942. By April, 1948, after they had been in stock in 6-oz. 
bottles almost 2 vears, they all differed from the ‘‘normal’’ type by having 
a white mycelium, faster growth rate, and very few conidia. They could no 
longer be identified by their macroscopic characters, though the method of 
sporulation and the spore characters were unchanged. The change in col- 
ony type did not occur in all isolates simultaneously, nor in like manner. 
Some changed to the 


‘ 


‘white’’ type after 2 or 3 transfers (6 months to a 
year) and others not until later. The ‘‘white’’ type sometimes appeared 
first as a sector in an otherwise ‘‘normal’’ colony, and sometimes a trans- 
plant from a ‘‘normal’’ colony would give rise directly to the ‘‘white’’ type. 
When the ‘‘white’’ appeared as a sector in a colony, transplants from the 
‘‘normal’’ portion gave rise to either ‘‘normal”’ or ‘‘white’’ colonies. There 
has been no clear case of the ‘‘white’’ type reverting to the ‘‘normal.’’ 
Pathogenicity was not necessarily lost by the change to ‘‘white’’ type, 
because the only ‘‘white’’ isolate used for inoculation produced disease 
symptoms and was reisolated without color change. 


Microscopic Characters 


The hyphae were subhyaline to brown, septate, branched, and 2.5-6 y in 
diameter. Sporulation was usually abundant in cultures 2-3 weeks old. 
The conidiophores were subhyaline to brown, septate, simple or branched, 
2.5-5 1, in diameter, and often tapering slightly toward the apex (Fig. 1, 
C-H). The conidia were hyaline, continuous, cylindrical, truncate at each 
end, 2-4.5 x 4-22 4 (mean 36.51), endogenous and catenulate (Fig. 1, 
B-H). They were borne in the terminal cell of a conidiophore and in arti- 
ficial culture nearly always adhered end to end to form long chains (Fig. 
1,C, E, F, H). Eighty-six spores were counted in one chain and undoubt- 
edly other chains contained more. In 3 cultures, spores were seen clustered 
about the apex of the conidiophore to form an irregular head; these were 
rare exceptions, however. Three cases of spores emerging from conidio- 
phores were observed in a water mount. A spore would slowly (20 minutes 
to several hours) move outward until about half its length protruded, and 
then would suddenly pop out and lie free beyond the neck of the conidio- 
phore. Spores that emerged in water did not often remain together to form 
chains. 


Germination of the spores was observed in distilled water and in 1.25 
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per cent and 2.5 per cent malt solutions at 16, 20, 24, 28, and 32 degrees C. 
The highest germination was 93 per cent at 24° C. after 14 hours in the 1.25 
per cent malt solution. The optimum temperature for germination in both 
solutions and the water after 14 hours was 24° C. Percentage of germina- 
tion at all temperatures and time periods was lowest in the distilled water. 
The spores germinated by a single germ tube, usually arising at one end of 
the spore, or by two germ tubes, one from each end of the spore. If allowed 
to remain in the water or malt solutions, the germinated spores gave rise to 
secondary endogenous spores. The secondary spores often were borne soon 
after germination of the primary spores, with the germ tubes of the latter 
converted into conidiophores. 

After 1-8 days in the water or malt solutions the germinated primary 
spores and many of the secondary spores were large (10-20 » in diameter) 
elobular bodies that no longer resembled the normal spore type. The 
‘swollen’’ appearance of the secondary spores was not evident, however, 
until after their emergence from the conidiophores. This ‘‘swollen’’ type 
of spores was found a few times in cultures about 2 weeks old. In every 
ease they were found at the lower edge of agar slants where the margin of 
the colony was in contact with water of condensation. Several of these 
‘swollen’’ spores were individually isolated, transferred to malt agar, and 
in every case produced cultures that were macroscopically and microsecopi- 
cally like those from normal spores. 

The oak-wilt pathogen has not been found sporulating in nature, but it 
has been grown aseptically on living and dead oak wood in the laboratory 
and there produced spores and hyphae of the same size and type as those 
formed on agar. Numerous attempts were made to induce the formation 


of a sexual stage, but all failed. 


Taxonomy* 


The oak-wilt pathogen apparently belongs in the genus Chalara Corda 
of the Dematiaceae. Four species, C. affinis Sace. and Berl. (5), C. fusidi- 
oides Corda (C. longior Sace.) (4), C. heterospora Sace. (5), and C. setosa 
Hark. (1, 6), have been described with oak as the habitat. The first ¢ 
species were described as inhabiting dead oak wood, while the last was inhab- 
iting dead oak leaves. None were reported as pathogens. The 4 above 
species also differ, respectively, from the oak-wilt pathogen as follows: C. 
affinis has the conidiophores in fascicles and narrow spores (10-12 x 2 1) ; 
C. fusidioides (C. longior) has distinetly flask-shape conidiophores, narrow 
hyphae (2.5-8 »), and long, narrow spores (18-20 x 2 y) ; C. heterospora has 
1-3 septate conidia; and C. setosa has 1 septate conidia. Thus, on the basis 
of the brief descriptions available, the wilt organism does not seem to belong 
to any of the known species of Chalara. The name Chalara quercina n. sp. 
is, therefore, proposed. 

4 Acknowledgment is made to Dr. M. P. Backus, University of Wisconsin, and Mr. 


Ross W. Davidson, Bureau of Plant Industry, Soils, and Agricultural Engineering, United 
States Department of Agriculture, for assisting in the taxonomic work. 
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Technical Deseription® 


Chalara quercina n. sp. Mycelial mat fluffy, 1-3 mm. high, white, becoming gray to 
olive-green with occasional patches of tan; sterile hyphae septate, branched, sub-hyaline 
to brown, 2.5-6u in diameter; sclerotia, sometimes present, tan to black, loosely knit, 
irregular in shape, up to 2.5 em. in diameter; conidiophores not sharply differentiated from 
sterile hyphae; spore-bearing cells terminating long or short branches, sub-hyaline to 
brown, often tapering slightly toward the apex, 2.5-4.5 x 20-40 u; conidia 2—4.5 x 4-22 n, 
endogenous, hyaline, cylindrical, truncate at each end, continuous, catenuiate. 

Habitat: In roots, stems, branches, and leaves of living oak trees (Quercus alba L., 
Q. borealis Michx., Q. coccinea Muench., Q. macrocarpa Michx., and Q. velutina Lam.) in 
[llinois, Iowa, Minnesota, and Wisconsin, U. 8. A. 


Chalara quercina n, sp. Mycelium in culturis tegeticulam mollem 1-3 mm, altam 
formans, primo albam denique griseam vel olivae colore, quondoque passim brunneo-sub- 
flavam; hyphis sterilibus septatis, ramosis, sub-hyalinis vel brunneis, 2.5-6 1 crassis; 
sclertiis aliquando extantibus brunneo-subflavis vel atris, laxe formatis, forma incerta, ad 
2.5 em. latis; conidiophoris hyphas steriles simulantibus; cellulis quae sporas generant 
longorum vel brevium ramorum extremitatibus locatis, sub-hyalinis vel fuscis, saepe prope 
apicem tenuatis, 2.5-4.5 x 20-40 1; conidiis 2-4.5 x 4-22 u, ex cellularum fertilium apice 
exsilientibus, hyalinis, eylindraceis, utrinque truncatis, continuis, catenulatis. 

Habitat in radicibus, caudice, ramis, et foliis arborum vivarum quercinarum (Quercus 
alba L., Q. borealis Michx., Q.,coccinea Muench., Q@. macrocarpa Michx., and Q. velutina 
Lam.) in Illinois, Iowa, Minnesota, and Wisconsin, U. 8S. A. 


Type material has been filed in the Cryptogamie Herbarium of the 
Department of Botany, University of Wisconsin, Madison, Wisconsin, and 
in the ‘Mycological Collections,’’ Bureau of Plant Industry, United States 
Department of Agriculture, Washington, D. C. 


SUMMARY 


The causal fungus of the oak wilt that attacks Quercus alba, Q. borealis, 
Q. coccinea, Q. macrocarpa, and Q. velutina in Illinois, lowa, Minnesota, and 
Wisconsin is herein described and the name Chalara quercina n. sp. is 
proposed. 
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INTRODUCTION 


An extensive dying of oak trees in Wisconsin and the Upper Mississippi 
Valley has aroused concern for some years. In 1881 Warder (5) discussed 
dying black oaks in Madison, Wisconsin. A number of notes made in 1912 
by Hartley,*® now filed in the Host Index, Division of Forest Pathology, U. 8. 
Plant Industry Station, Beltsville, Md., recorded a dying of oaks, observed 
also by other pathologists both in Wisconsin and Minnesota. Various re- 
ports have been made by Tiemann (4), Lorenz and Christensen,* and others. 
Tiemann’s paper alone gives an adequate description of the symptoms 
observed. Those he listed are in general agreement with the detailed descrip- 
tion herein recorded. 

The present paper presents evidence on the significance, symptoms, and 
cause of a disease called oak wilt, about which preliminary statements 
already have appeared (3,7). The reasons for selecting the name oak wilt 
are given after a description of the symptoms. Although considerations of 
the relationships among various important items in the whole oak disease 
complex need further investigation, the present study has demonstrated one 


cause for the dying of oaks, particularly in the red oak group. 


HOSTS 


Although some of the species within the red oak group are difficult to 
distinguish because of intergrading characters, what appeared to be the red 
(Quercus borealis Michx. f.) and black (Q. velutina Lam.) oaks have been 
most seriously affected. Two wilting scarlet oaks (Q. coccinea Muench.) 
were found. Trees in the white oak group (Q. alba L. and Q. macrocarpa 
Michx.) also were attacked, but seemed relatively tolerant to the disease. 


This disease is important primarily on the red oak group. 


ECONOMIC IMPORTANCE OF BOTH HOST AND DISEASE 


The economic importance of oak trees has been estimated only in an indi- 


1 In cooperation with the Forest Products Laboratory, Forest Service, United States 
Department of Agriculture. During the early stages, the work on oak wilt was consider- 
ably advanced by the records taken by R. H. Gruenhagen, L. J. Meuli, and L. F. Roth. 

2 Published with the approval of the director of the Wisconsin Agricultural Experi- 
ment Station. 

Assistance for some of this work was furnished by the personnel of the Work Projects 
Administration, official project No. 65-—1-53-2349. 

The photographs were made by Eugene Herrling except for figures 1, D, and 2, D. 

Carl Hartley, principal pathologist, Division of Forest Pathology, Bureau of Plant 
Industry, Soils, and Agricultural Engineering. 

‘ Lorenz, Rolland C., and Christensen, Clyde M. A survey of forest tree diseases and 
their relation to stand improvement in the lake and central states. U.S. Bur. Plant Indus. 
52 pp. illus. 1937. [Processed. | 
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rect manner, According to farm census figures provided by Walter Ebling,°® 
the annual income from all species in farmers’ woodlands has varied accord- 
ing to prevailing prices for 1929 and 1939, respectively, between about 17 
and 10 million dollars. This income may be divided at approximately 
70 per cent used on the farm and 30 per cent sold off the farm. Within this 
total income much (5}$ million dollars in 1937) was derived from oak trees, 
according to a survey by the Forest Service and the Bureau of Agricultural 
Economics. These figures have not included trees in municipal, county, 
State, or federal parks, or on private lawns, where the aesthetic value of 
trees is difficult to estimate. In southern, southwestern, and western Wis- 
consin, oaks comprise about 80 per cent of the trees in woodland. They are 
among the natural resources not easily and quickly replaced. Although a 
more exact figure cannot be given for the economic importance of oak trees 
threatened by wilt, their value is obviously great in Wisconsin alone. 

The damage caused by oak wilt depends on several considerations. 
According to F. B. Trenk:* (1) The full value of immature trees killed by 
wilt cannot be realized by any salvage operations. (2) After such oaks have 
died, a number of years, when the land may be considered ‘‘idle,’’ are neces- 
sary until replacement trees of other species can grow to an equivalent size. 
(3) For certain locations the native oak trees may be better adapted for 
growth than other species. Such loss caused directly by oak wilt is common 
and serious in at least 30 Wisconsin counties. A similar view has been 
expressed by C. L. Harrington.’ 

A lawn or park tree killed by wilt must be taken away. Thus to the 
aesthetic loss is added a removal cost. 

Much of the reproduction on oak lands is by the growth of sprouts from 
old stumps. This is prevented in wilt-infected areas. Although the roots 
and root collars of wilted trees may remain alive for some time, they usually 
harbor the pathogen. Thus, they either fail to sprout or produce sprouts 
that soon wilt. 

The incidence of the disease has been irregular in both mature and 
immature stands. An example of high incidence in an immature stand is 
given under ‘‘ Distribution and Spread.’’ On the other hand, many areas 
within the boundaries of the known geographical distribution have been free 
from the disease at least for the past 2 years. 

Oak wilt is probably the most important of the various diseases (1, 2) 
of red and black oaks in the Upper Mississippi Valley. However, more spe- 
cific data on the economic importance cannot be given until detailed surveys 
have been made. 

DISTRIBUTION AND SPREAD 

The authors have observed the disease as widespread in southern, south- 
western, and western Wisconsin. The wilt fungus has been isolated from 
wilting trees in 23 counties in Wisconsin, 5 in Minnesota, 2 in Iowa, and 


5 Division of Agricultural Statistics, Wisconsin Department of Agriculture. 
6 Extension Forester, Wisconsin Agricultural Experiment Station. 
7 Superintendent of Parks and Forests, Wisconsin Conservation Department. 
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1 in Illinois.© The distribution was examined in relation to local conditions. 

The kind of soil in which the trees were growing was considered in rela- 
tion to the distribution of oak wilt. Soil samples were collected near the 
base of wilting trees in 31 localities in Wisconsin in 1941 and 1942. These 
were analyzed by H. H. Hull’ to determine whether any correlation could 
be established between the kind of soil, the nutrients available, the acidity, 
and the development of wilt. Wilted trees were found on the following soil 
types: fine sand (e.g., Plainfield sand), light- and medium-colored sandy 
loam, light- and medium-colored fine sandy loam, light- and medium-colored 
silt loam, and light- and medium-colored loam. The available phosphate in 
the top soil ranged from 10 to 400 pounds per acre, and that in the soil 8 to 
12 inches deep, from 5 to 200 pounds. The available potassium in the top 
soil ranged from 60 to 600 pounds per acre, and that in the soil 8 to 12 inches 
deep, from 60 to 160 pounds. The acidity of the top soil ranged from pH 
4.5 to 8.0, and that of the soil 8 to 12 inches deep, from pH 4.8 to 7.5. Since 
no correlation was found between the kind of soil, the nutrients present, or 
the soil reaction and the incidence of oak wilt, the development of wilt 
appeared to be independent of such faetors. 

The relation of site to the incidence of oak wilt was examined. Since 
trees with wilt were found near swampy land, on hillsides and plateaux, in 
open fields, in woods with closed canopies, in pastured and nonpastured 
woodland, and, since these included good, indifferent, and poor situations 
for growth, the occurrence of wilt appeared not to be distributed according 
to site. 

The spread of the disease in a woodland has fortunately been slow. Com- 
monly a tree at the edge of a woodland first showed the disease. From this 
point the disease seemed to spread in a more or less circular manner, a few 
to several trees dying each year. During the growing season such an area 
has presented a striking picture with the point of initial infection sur- 
rounded by dead and dying trees. As an extreme example, an area of about 
t acres of sprouts and seedlings from 1 to 4 inches d.b.h., observed in 1942 
in eastern Minnesota, included an estimated 200 dead trees and 75 wilting 
ones. 

In nature, where one or more sprouts in a group wilted, the other sprouts 
from the same stump also wilted in the same or the following year. Similar 
results have been observed in 7 cases following artificial inoculations. In 
such instances the spread was probably through the living vascular tissues 
of the old stump that served as a direct connection between the sprouts. 
The causal fungus has been isolated from such connective tissues, 

Since anastomosis of roots of oak trees does occur underground, as 
deseribed by Weir (6) for black oaks and as shown in figure 1, D, for white 
oaks, this may be one means of spread from tree to tree. However, the 
separation of localized diseased areas by a distance of several hundred vards 

8 Acknowledgment is made to Messrs. C. M. Christensen, R. K. Alman, and J. C. 


Carter for aid in these studies in the respective neighboring States. 
’ Instructor in Soils, University of Wisconsin. 
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Fig. 1. A, Black oak with a 10-inch d.b.h., which died following inoculation. B, A 
group of oak trees that died in nature, with symptoms of oak wilt. C, Twig from inoeu- 
lated black oak, showing wilted young leaves. D, Roots of white oak, showing anastomosis. 
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to a mile or more, and the wilting of an occasional tree in an area where 
there had been no previous sign of wilt, indicated that there were also other 
means of spread. 


SYMPTOMS 


The symptoms given below were observed during the summers of 1941 
and 1942 on diseased trees from which the causal organism was isolated. 
Trees in the first stages of the disease were found from late May throughout 
the summer until late September, when natural autumnal coloration of the 
leaves interrupted symptom expression. However, the disease became con- 
spicuous in most cases in June and July. The size of oaks known to have 


wilt ranged from 1 to 30 inches in diameter at breast height. 


On Red Oak Group 


The first macroscopic symptoms on mature leaves were slight crinkling 
and paling of the leaves, usually near the top of the tree or toward the tips 
of lateral branches. Affected leaves often became bronze to brown progres- 
sively from the apex and tips of the lateral lobes toward the base of the leaf 
blade. The last part of bronzing leaves to remain green was the blade tissue 
adjacent to the petiole. In some cases the base of the petiole became black. 
The mature leaves remained relatively stiff during the various stages and 
after death. 

Young leaves, such as those appearing in May, usually did not show the 
bronze to brown color. As they wilted they became nearly black progres- 
sively from the tip of the blade toward the base and were curled and drooped 
(Fig. 1,C). They remained attached after wilting. 

Affected mature leaves fell at any of the symptom stages; thus it was 
often possible to find fallen leaves showing various stages from pale green 
through progressive phases of bronzing and browning. Defoliation was 
slight to nearly complete. A diseased tree was often conspicuous from a 
distance because of its discolored leaves. 

The symptoms progressed very rapidly over the entire tree, commonly 
affecting the lower branches last. Wilting was usually complete within a 
few weeks. <A unilateral development of symptoms was seldom observed. 

As wilting of the primary leaves became complete, sucker growth to a 
varying degree often appeared along the main stem and larger branches. 
Leaves of this new growth in turn wilted and died as described for young 
leaves, 

Brown to black discoloration often was found in the sapwood (Fig. 2, D) 
of diseased trees, usually in the most recent ring. Peeling back the bark 
revealed diffuse discoloration or stippled to continuous streaks of varying 
lengths (Fig. 2,B). This was not a dependable diagnostic character, how- 
ever, because it was not always evident in wood from which the causal organ- 
ism was isolated and could not always be differentiated from discoloration 
caused by other agencies. 

The inner bark and wood died after wilting of the leaves. The small 
twigs died first, then the branches, the trunk, and finally the roots. The 
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Fie. 2. A, A section of a killed tree. The most recent rings (left) show normal 
growth until the time of death. B, An infected black oak twig with bark removed, show- 
ing the discoloration that often appears. C, Growth of the oak wilt fungus from chips 
of diseased wood after 7 days at room temperature on malt agar. D, Cross section of a 
black oak stem photographed July 8, 1942, showing discoloration in the outer rings. The 
tree was inoculated August 27, 1941, was wilted September 30, made slight growth the 
spring of 1942, but died before the leaves were full size. 
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annual rings showed average growth up to the time of wilting. Such a situ- 
ation was reported by Tiemann (4), and his illustration of it appears in 
figure 2, A. 

Trees usually died during the summer that they first showed external 
symptoms, but in a few cases the larger branches lived over winter, partly 
leafed out the following spring, and then died. No tree of the red oak group 
has been known to recover. 

Trees that died in nature with symptoms of wilt (Fig. 1, A) and a tree 
that died following inoculation (Fig. 1, B), as described later, are illustrated. 


On White Oak Group 

The symptoms on white and bur oaks differed in some respects from those 
on trees of the red oak group. Comparatively few trees of the white oak 
group were found diseased, and they were not so severely affected as the 
red oaks. 

The leaf blades often became progressively necrotic from the apex toward 
the base, as described for red oaks. Though sometimes bronze, the discolored 
areas were often light tan to brown, or dark green and somewhat ‘‘ water- 
soaked’ in appearance. The withered, necrotic leaves tended to remain on 
the trees, so that leaf fall was seldom heavy. 

Usually, in this host group, an entire tree did not wilt. Twigs with dead 
and dying leaves were often seattered throughout the crown, and some 
branches showed leaf symptoms while others remained outwardly healthy 
throughout the season. 

Discoloration in the sapwood was found in each of the 14 trees examined, 
indicating that this might be a more common symptom in the white than in 
the red oak group. Most of the trees also showed dieback of the branches 
to varying degrees—perhaps a symptom associated with the comparatively 
slow progress of the disease on this host group. 

The symptoms on both the red and white oak groups, though variable, 
allowed reasonably certain field identification. This was shown by the iso- 
lation of the causal fungus from 95 per cent of the trees suspected of having 
wilt. 

Oak wilt was selected as a common name since it met the situation better 
than any other common designation available for the following reasons: (1) 
The progressive bronzing and browning from the margins on structurally 
stiff mature leaves suggested insufficient moisture. (2) Affected young 
leaves were curled and drooped. (3) There was often discoloration in the 
outer layers of sapwood. (4) The causal fungus was present in the vascular 


system. (5) This name has been used in Wisconsin for several years. 


THE CAUSAL ORGANISM 

Methods of Isolation 
The method’® of isolation from woody tissues was as follows: The dis- 
eased specimens generally used were twigs } to 1 inch in diameter and about 


\ similar method was in common use at the Forest Pathology Laboratory, Morris- 
town, New Jerse y. 
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6 inches long, taken from a wilting branch. About half the length of a 
section was dipped into a jar of 95 per cent alcohol, passed through a flame, 
and the aleohol allowed to burn. The bark was peeled or shaved from the 
flamed portion with a knife sterilized in like manner. After second sterili- 
zation of the knife, radial chips 1 to 3 mm. wide and deep enough to include 
at least the 2 outer growth rings were cut in the exposed wood, removed with 
sterile forceps, and set into the medium in a Petri dish. A satisfactory 
medium consisted of 1.5 per cent agar and 2 per cent Trommer’s malt 
extract. Ten chips cut in linear succession from a twig sample were placed 
in a single dish. Isolations were made from at least 4 samples from an 
individual tree, making a total of 4 plates and 40 chips. The plates were 
incubated at about 25° C., and the causal fungus usually made sufficient 
growth in 7 days to be identified by macroscopic characters (Fig. 2, C). 
Similar techniques were used in isolating from trunk and root samples. 

A few isolations were made from leaves of diseased trees in studying the 
distribution of the wilt fungus in the host. Isolations generally were at- 
tempted only from leaves that showed the progressive bronzing and were 
not yet dried out. The leaves were washed for 10 to 15 minutes in a 1 to 10 
dilution of 4.6 per cent sodium hypochlorite solution and then in distilled 
water. Sections about 5 mm. in length and of desired width were cut with 
a sterile knife on a board soaked in the sodium hypochlorite dilution. The 
sections were then inserted directly into the medium in the Petri dish. 
Sometimes, with equally satisfactory results, the sections were washed also 
in 70 per cent alcohol and twice in sterile distilled water before being put 
into the dishes. The same medium and temperature were used as those 
described for the wood isolations. Because of slower fungus growth«from 
the leaf sections, the plates were kept from 10 to 14 days. 


Results from Isolations 


During the summers of 1941 and 1942 samples were taken from 122 oak 
trees suspected of having the wilt (Table 1). Of these, 108 were of the red 
oak group and 14 of the white oak group. The causal fungus was isolated 
from samples of 104 of the 108 trees in the red oak group and from 12 of 
the 14 trees in the white oak group, or 95 per cent of the suspect trees. Of 
the 116 positive cases, 106 were determined by branch or twig isolations, 
6 by trunk isolations, 2 by branch and trunk isolations, and 2 by branch, 
trunk, and root isolations. Isolation attempts were nearly always successful 
from diseased wood that was still green but rarely successful from wood that 
was dead or nearly so. Secondary fungi, especially Dothiorella quercina 
(Cke. and Ell.) Saee., usually overran the plates in the latter case. 

In 1941, samples also were taken from 56 oak trees not showing typical 
wilt injury, 7.e., nonwilt trees (Table 1), to determine whether other symp- 
toms were caused by the oak-wilt pathogen. Some of these trees showed 
dieback, staghead, twig blight, cankers, and other difficulties, but none 


vielded the oak-wilt fungus. 
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Among the few leaf isolations attempted, only a small percentage was 
successful. The causal funeus was isolated from a total of 8 leaves collected 
from 3 naturally wilting trees. The fungus was isolated also from the wood 
of these trees. Six of the leaves were picked from the ground and 2 from a 
wilting branch. The fungus was isolated from the petioles of all 8 leaves, 
from the midribs or larger veins of 6, and from the green portions of the 
blades of 2. Several attempts were made to isolate the pathogen from the 


bronzed portions of the leaf blades, but all failed. 


rABLE 1. Results of isolations from naturally wilted and nonwilted oak trees 
Studies of 1941 Studies of 1942 
Species Trees Trees Trees Trees 
used for yielding used for yielding 
isolations wilt fungus isolations wilt fungus 
N 0, No. No. No. 
Wilt trees: 
(uercus borealis 18 17 39 38 
Q. velutina 21 2] 28 26 
Y. coccinea l l ] ] 
Y. alba l l $ 3 
Q. macrocarpa l ] Ss 7 
Total $2 4] 80 75 


Nonwilt trees: 


Vv borealis 19 0 
Vv. velutina L3 ] 
Y. alba 19 v0 
G. ) acrocarpa 5 0 
Total 56 0 


Growth Characters of the Fungus 


The oak wilt seemed continually associated with an undescribed parasitic 
fungus inhabiting the vascular tissues of the host. The mycelium of cul- 
tures from diseased wood was rather fluffy, and gray to olivaceous green. 
Cultures 1 to 3 weeks old had a characteristic, fermenting odor, somewhat 
reminiscent of old apple cider. Only asexual sporulation of the fungus has 
been observed. Conidia were abundant on 2-week-old malt agar cultures 
grown at 20° to 25° C. and were eylindrical, endogenous, and catenulate. 

The fungus apparently belongs among the Dematiaceae and probably in 
the genus Chalara Corda. A more complete description and a classification 


are being published by Henry. 


Methods of Inoculation 


The field plot selected for inoculations was an ungrazed aspen and oak 
woodland near Madison, Wis. There was no oak wilt within } mile. 

One isolate, 1 mixture of 2 other isolates, and 6 single-spore cultures of 
the fungus were used for inoculations. The isolates were obtained during 
the summer of 1941 from naturally infected trees and represented 8 different 


localities in southern Wisconsin (Table 2). 
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The cultures used for inoculations were grown at room temperature for 
about 2 weeks on sterilized corn meal or rice in Petri dishes. 

Inoculations were made in August, 1941, and in June, July, and August, 
1942. 

Trees selected for inoculations were mostly black oaks of sprout origin 
and from 1} to 5 inches d.b.h. Exceptions were one 8-inch and one 10-inch 
d.b.h. black oak, one 23-inch and one 6-inch white oak inoculated in 1941, 
and one 23-inch white oak inoculated in 1942. All trees were in good health 


when the experiments were started. 


TABLE 2.—Results of inoculating oak trees with the wilt fungus 


Fungus isolates Experimental trees@ 


Origin | Wilt 
Serial PRO ae ae 5 caceeenneiaaiiaeeaiail Inocu - fungus 
letter! | Kind of Nearest lated | Wilted | reiso- 
oak | Wisconsintown § | lated 
Vo : : ‘Me. ei ie 
1941 trials: 
A Black Madison 32 27 27 
13 Red Baraboo 5 4 4 
Red Prairie du Chien 
Totals 37 31 31 
Controls 21k 0 0 
1942 trials: 
A Black Madison 19 16 16 
& Black Waupaca 12 12 12 
D Red Baraboo 4 3 3 
Dy Bur Verona 4 4 4 
I Red Lake Geneva 4 4 4 
G Scarlet Lake Ripley 4 4 4 
H Black Madison 6 0 0 
Totals 53 43 43 
Controls Rd 0 0 


a All were black oaks except 3, which were white; 2 inoculated with isolate A in 1941, 


and 1 inoculated with isolate H in 1942, as explained in the text. 
b A was a mass isolate and B a mixture of 2 mass isolates. C, D, E, F, and G were 


single-spore cultures. H was a single-spore culture from isolate A. 

¢« Twelve wounded but not inoculated and 9 unwounded. 

4 Wounded but not inoculated. 

Inoculations were made in the stems at 2 to 6 feet above the ground. 
Various methods were used in 1941, but all involved wounding the trees so 
that the mycelium and spores of the fungus were introduced into at least 
the 2 outer growth rings. Since all methods were about equally successful, 
only the chisel-cut method, which was the only one used in 1942, is described. 

With the chisel-cut method of inoculation the rough outer bark was 
smoothed off from about 6 square inches, the pared surface was washed with 
95 per cent alcohol, and it was allowed to dry. <A $-inch wood chisel was 
dipped into 95 per cent alcohol, flamed, and then driven through the inner 
bark and the 2 outer rings of wood. The chisel was removed, and the result- 
ing hole in the tree was filled with mycelium and spores from a culture of the 
wilt fungus. To prevent too rapid drying of the inoculum, a wad of absor- 
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bent cotton was soaked in sterile water and bound over the wound with a 
strip of unbleached muslin. In 1941, from 1 to 6 inoculations, depending 
on tree size, were made around each tree in spiral fashion. In 1942, the 
number was reduced to 1 in most cases, with only a slight drop in percentage 
of infection. Control trees were either untreated or they received treatment 
like that given the inoculated trees, except that sterile medium was placed in 
the wounds. 
Results from Inoculations 


The inoculation results have been recorded in table 2. The first appear- 


ance of symptoms in the 1941 trials was noted 27 days after the August 
inoculations. By the end of September, when natural autumnal coloration 
of the leaves began to interfere with foliar symptoms, 19 of the 37 inoculated 
trees had developed leaf symptoms. Nine additional trees wilted in May, 
1942, before the new leaves reached maturity. In June, 1942, 3 more trees 
wilted after having leafed out in apparently normal fashion. Thus a total 
of 31, or 84 per cent, of the 37 trees inoculated in August, 1941, developed 
foliar symptoms by the spring of 1942. The 2 white oaks and the inoculated 
10-inch black oak were among the first trees to show symptoms. Both white 
oaks, however, seemed to recover almost completely during the summer of 
1942, except for slight dieback on some of the small branches near the top. 
The foliage seemed normal, and the fungus was reisolated from only 1 of the 
trees in 2 attempts during the summer. None of the wilted black oaks re- 
covered. However, a few that had wilted in the fall of 1941 started to leaf 
out the following spring and then wilted again before the leaves were 
matured. 

In the 1942 inoculation series, the first appearance of symptoms was 
noted 18 days after the June inoculations. By the 25th of September, 43, 


81 per cent, of the 53 inoculated trees had developed leaf symptoms. The 
single white oak used did not become diseased. It was inoculated, however, 
with isolate H, which gave negative results throughout 1942. The symp- 
toms on inoculated trees were comparable to those described for naturally 


infected trees. None of the control trees developed wilt symptoms. 


Reisolation of the Oviginal Fungus 


Reisolations were usually made from laterai branches several feet from 
he nearest inoculation point soon after symptoms appeared. The original 

eus was reisolated by the middle of November, 1941, from 28 of the 37 
trees inoculated in August, 1941. These 28 positive cases included the 19 
trees that showed symptoms by the end of September, 1941, and the 9 trees 
that first wilted in May, 1942. The fungus also was isolated at the time 
symptoms were noted from the 3 1941-series trees that did not wilt until 
June, 1942. The pathogen was reisolated from all 1942-inoculated trees that 
developed leaf symptoms. Repeated attempts to isolate from the 1941- and 
1942-inoculated trees that did not develop symptoms, as well as from all 
control trees, have failed to vield the causal fungus. The results are sum- 


marized in table 2. 
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Recovery of the original fungus from the roots, trunks, and leaves of 
some of the inoculated trees showed the distribution of the pathogen to be 
similar to that in naturally infected trees as discussed earlier. 


SUMMARY 


A destructive disease of oak trees, termed oak wilt, was studied in Wis- 
consin and neighboring States. 

The disease has appeared widely distributed, and its presence has been 
confirmed, by positive cultural studies, in 23 counties in Wisconsin, 5 in 
Minnesota, 2 in Iowa, and 1 in Illinois. No correlation has been found 
between site and occurrence of the disease. 

Wilt appears to be the most important oak disease in the Upper Missis- 
sippi Valley. 

Red and black oaks were the most common hosts and have not been 
known to recover once they were attacked by the wilt disease. Two wilting 
scarlet oaks were found. White and bur oaks also were attacked, but seemed 
relatively tolerant to the disease. 

The first symptoms were slight crinkling and paling of the leaves, often 
followed by a progressive bronzing to browning of the leaf blade from the 
lateral edges and apex toward the midrib and base. Mature leaves remained 
relatively stiff, but young leaves drooped conspicuously. - Defoliation varied 
in extent and seemingly occurred at any symptom stage on mature leaves. 
Affected young leaves remained attached after wilting. Symptoms usually 
progressed over the entire tree within a few weeks. Secondary foliage often 
appeared along the trunk and larger branches, but this in turn wilted and 
died. Discoloration in the sapwood of twigs was found in numerous cases 
but was not a diagnostic character. 

A fungus, tentatively placed in the genus Chalara, was isolated from 116 
of 122 wilt trees sampled, but was not obtained from any of 56 nonwilt trees. 

Stem inoculations with the fungus were successful on 74 of 90 woodland 
trees. Cultures from 8 different locations in Wisconsin were used. The 
fungus was reisolated from the 74 positive cases of wilt and was identified 


as that used for the inoculations. 
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WEB BLIGHT OF SEEDLING TUNG TREES TENTATIVELY 
IDENTIFIED AS THE RHIZOCTONIA STAGE OF 
CORTICIUM MICROSCLEROTLA 


JOHN R. LARGE! 


Accepted for publication December 30, 1943 


Lower leaves of seedling tung trees covered with mycelium were observed 
by Samuel Merrill, Jr.. in a tung nursery in Mississippi in June, 1942. 
Later, the same disease was found in a tung nursery in Louisiana, and has 
been observed again in tune nurseries in 1943. This disease usually is 
found on leaves 6 to 18 inches above ground, and causes them to turn brown 
and clie. 

Young infection spots are light-tan and 0.2—2.0 em. in diameter (Fig. 
1, A). As the lesions grow larger, light-tan hyphae develop on the shaded 
side of the leaf. These hyphae extend rapidly over the surface of the leaf 
blade, progressively killing it (Fig. 1, B). Under conditions of high humid- 
ity the hyphae spread out and cover both the blade and the petiole. Often 
the hyphae grow to adjacent leaves, causing them to stick together (Fig. 1, 
DD Old diseased leaves have a very ragged appearance (Fig. 1,C). Often 
numerous grains of sand stick to the hyphae. During a rainy period the 
petiole and blade of an infected leaf may be covered with fine, close-growing, 
entangled hyphae that bear clumps of light-brown sclerotia (Fig. 1, C). 

Diseased tissues cultured on water-agar and on Lima-bean-agar plates 
developed distinct Rhizoctonia features. Microscopic measurements of 100 
sclerotia, found on the upper part of the petioles of infected leaves, ranged 
from 80-200 « 80-300 , averaging 150 = 200. These measurements are 
within the range of those for Corticium microsclerotia (Matz) Weber, 
namely, 80-300 « 80-600 u.2 Bean plants inoculated with sclerotia from 
diseased tung leaves developed characteristic web blight, whereas check 
plants remained healthy and vigorous. Minute lesions appeared within 24 
hours, and under controlled conditions sclerotia were observed three days 
after inoculation. Complete collapse of the bean leaves and defoliation 
oceurred as the disease developed. Sclerotia from artificially inoculated 
bean plants and from naturally diseased tung plants, plated on water agar, 
developed cultures indistinguishable from each other. 

The small size of the sclerotia, the growth of the fungus in water-agar 
cultures, and the general similarity of the symptoms on diseased tung trees 
to those described for web blight of beans suggest that this is the Rhizoctonia 
stage of web blight, Corticium microsclerotia. Wa. H. Persons, of the Emer- 
vency Plant Disease Prevention Project, inspected the nursery in Septem- 
ber, 1943, and confirmed this diagnosis. 


1 Assistant Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 
tration, U. S. Department of Agriculture. 

Weber, G. F. Web blight, a disease of beans caused by Corticium microsclerotia. 
Phytopath. 29: 559-575. 1939. 
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The disease apparently is of minor importance to the tung nursery ; but, 
under favorable environmental conditions, it is possible that a severe epi- 





























Fic. 1. Progressive stages in macroscopic symptoms of web blight (Corticium micro- 
} sclerotia (Matz) Weber) on tung (Aleurites fordii Hemsl.). A. Early stages in the 
development of primary lesions on tung leaves. B. Extensive superficial mycelial growth 
spreading from dead to healthy tissues of the leaf. C. Old diseased tung leaf showing 
the very ragged condition and the very small selerotia on the petiole and part of the 
blade. D. Spread of infection by the growth of hyphae from a diseased leaf to a healthy 
leaf. 
phytotic might develop. Weber? reported this organism on 24 host plants 
, 


in Florida, but did not report this disease on tung seedlings. 
Tuna Frevtp LABORATORY, 
BoGALUSA, LOUISIANA. 











PEACH CALICO! 
EFARLE C. BLODGETT2 
Accepted for publication October 25, 1943) 


Observations in Idaho peach orchards have indicated that variegation of 
peach leaves, while uncommon, was present in 5 trees. One type is probably 
of the nature of a chimera, and another is transmissible by bud inoculation. 
These 2 types of diseases (1, 3) and others (6, 7, 8) have been called calico, 
The present paper records the writer’s experience with peach-leaf variega- 


tion in Idaho and deseribes the virus clisease, peach calico. 


HISTORICAL 


In June, 1959, J. B. Murphy, a grower near Caldwell, Idaho, called the 
writer’s attention to an interesting J. H. Hale peach tree, one branch of 
which had leaves showing a brilliant yellow-green variegation. Symptoms 
suggested the name calico (1). Transmission tests using bud wood, desig- 
nated as P—12, taken from this branch and placed on healthy peach nursery 
trees at Moscow in the fall of 1939, and in several subsequent trials, indicated 
that the trouble was bud-perpetuated but not transmissible (Table 1). After 
these tests and after having observed the original orchard tree again in 1940 

2) and several times later, the condition was regarded as a chimera. 

The writer and E. lL. Reeves, while examining an orchard near Wilder 
in August, 1941, found a single small shoot with striking leaf variegation, 
arising from a main branch near the crotch of a mature Rochester peach tree. 
Bud wood from this shoot was likewise taken and placed on healthy peach 
nursery trees at Moscow. This case at first appeared to be similar to the 
calico, P-12, noted first in 1939, and, although it was reported by this name 

3), the collection was listed as P—31. 

Two seedling peach trees, budded with P—31 in the fall of 1941, showed 
n July, 1942, that they had become infected, although the inoculation buds 
did not grow, and exhibited svmptoms similar to those on the original 
orchard tree (Table 1). Thus, apparently, a virus disease was involved. 
The original shoot on the orchard tree again showed calico symptoms in 
1942, and a small portion of one of the main branches was also affected. 
Symptoms on fruit were observed first in June, 1943, and are described later. 

A peach tree, a few hundred feet from P-31, inoculated in 1940 with 
vestern X disease buds, showed in September, 1942, only one spur with 
calico (P-31) symptoms. It is of interest to note that western X has not 
been transmitted nor even perpetuated on this tree, although 2 ‘‘diseased 


Published with the approval of the Director of the Idaho Agricultural Experiment 
station as Re seareh Pape 4 No. 226. 


The writer wishes to express his sincere thanks to L. C. Cochran and E. L. Reeves 


their interest in the interpretation of experimental results, field observations, and 
tical reading of the manuscript. The writer did not have an opportunity to read the 
nent paper of Woods and Du Buy, Phytopath. 33: 637-655, 1943. 
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buds’’ had each borne 2 peaches in 1941 and several in 1942 and 1943. The 
tree was bud-inoculated with western X again in August, 1942. Sufficient 
bud wood of this new case was not available for transmission tests, and, when 
examined in June, and again in September, 1943, no variegation was found 
on the tree. 

In an orchard at Emmett observed in June, 1943, a single leaf on a young 
tree was found showing symptoms of the nontransmissible or P—12 type of 
variegation. This particular orchard has a high percentage of trees infected 
with western X. 

In another orchard at Emmett, where 4 trees had been bud-inoculated in 
1940 with peach wart, one of the Elberta trees (No. 6, Table 1, p. 25 [5]), 
showing wart and a slight mottling of the foliage also, bore a leaf with symp- 


toms similar to those of P—31, the transmissible calico. 


NAME OF THE DISEASE 


Since the name calico had been used by the writer for the nontransmis- 
sible leaf variegation or chimera, P—12, and it had also been applied to the 
virus disease P—31, before the etiology of the latter was known, there is a 
question as to the proper name to apply. This question was further com- 
plicated by the publication by Thomas and Rawlins (8) of the name almond 
‘‘calico’’ transmissible to peach and cherry, although they had described 
‘‘ealico’’ as the only disease under ‘‘almond mosaies.’’ Reeves (7) men- 
tioned a disorder of peach trees observed in Washington and indicated that 
leaf symptoms appeared similar to those of ‘‘Calico’’ referred to by the 
writer (3). Reeves (7) did not report transmission, but a subsequent com- 
munication from him in August, 1943, states that ‘‘ positive transmission has 
been obtained in several instances with the peach disease found in Wash- 
ington that exhibits leaf symptoms similar to the disease observed on a 
Rochester peach tree near Wilder, Idaho, listed as P—31 in the Idaho col- 
lection.’? The writer has been informed that other cases of peach-leaf varie- 
gation occur in the West, but the etiology in all cases is not known. H. E. 
Thomas, in personal correspondence, states that he does not believe the Idaho 
P—31 is the same as his calico on almond, but is more like the symptoms he 
has noted on a transmissible disease of nectarine. 

The writer suggests the name peach calico as appropriate for the virus 
disease illustrated in figure 1, B. Further tests are needed before the rela- 


tion to other leaf variegation is known. 


SYMPTOMS 


Symptoms of the calico disease may appear as the leaves unfold, showing 
in the early stages a mottling or mosaic-like pattern. Later the light-green 
areas enlarge principally along the veins and the color changes finally to a 
brilliant-vellow, almost papery-white (Fig. 1, B). Even the twigs become a 
creamy-white in streaks or non-uniform patterns, and the margins of these 
streaks or areas may be pink. All leaves may not show symptoms. The 
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Fig. | Peach leaf variegation. A. J. H. Hale leaves affected by a nontransmissible 
rder regarded as a chimera (collection P-12). B. Calico, a virus disease on seedling 
acl n which disensed Rochester buds had been inserted 11 months before (collection 
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comparison of calico (P—51) and the chimera (P-12) are shown in figure 1, 
Aand1, B. Note that in the case of P-12 there are rather sharply delimited 
areas with at least 3 distinct shades of green, while in P-81 or peach calico 
the veins are yellow or white and there is a gradual grading from green to 
vellow to white. 

In June, 1943, some of the peach fruits, then about the size of walnuts, 
showed symptoms. The affected fruits were smaller, shorter and more 
round than those not affected. The most striking evidence, however, con- 
sisted of irregular patches of creamy-white showing through the pubescent 


surface. Ina few cases the affected area was orange shading into dull-red. 


TRANSMISSION STUDIES 


In table 1 are shown the results of bud-inoculation tests involving cion 
wood of the chimera P-12 and the calico material P—31. There is no evi- 
dence that transmission occurred in the case of tests 1-8 with P—12, and some 
of the trees are still under observation. 

On trees budded with calico P—81 in the fall, symptoms appear early in 
the spring and are severe on the shoot growth from the inoculation bud, but 
infection of the stock usually does not become evident until past midsummer. 
This fact, and the apparent slow spread in the original tree, indicates that 
the virus does not move rapidly in a tree, and, in case. of natural spread in 
an orchard, considerable time might elapse before the condition would be 
regarded as serious. Since the virus is readily perpetuated by budding, the 
use of disease-free bud wood would prevent spread through nursery stock. 

It appears from the transmission studies conducted that peach calico is 
not always transmitted by bud inoculation, at least during the first season 


of erowth after inoculation in the fall. 
DISCUSSION 


There has been considerable speculation regarding the origin of a virus. 
Considering the age of the calico-infected orchard tree and other factors, 
there seems to be only a slight possibility that this certain tree was infected 
with calico when it was planted in the orchard. There is of course only 
circumstantial evidence to indicate that this represents a case of a virus 
originating in peach, but there seems to be some likelihood that such a pos- 
sibility exists. As more, apparently new, virus diseases are found (or recog- 
nized) and described, there seems, as mentioned in the case of peach wart 
(5), to be additional evidence of new viruses so originating. The informa- 
tion concerning the nature of viruses themselves is such, it seems, as to allow 
this question to be discussed, although proof may be far in the future. Con- 
sidering the versatile character some viruses possess, it seems possible to the 
writer that they may be originating within rather than being contracted by 


certain host plants. This of course does not mean that life may ‘‘originate’’ 


by itself. It may mean, however, that the conditions necessary for the for- 


mation of virus entities occasionally occur in nature and need not necessarily 
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be coupled with a progenitor as such. It is readily agreed that ‘‘sports’’ 
or mutants arise, and the writer considers it possible that the difference be 
tween perpetuated abnormalities, such as P—12 or chimera and transmissible 
dliseases as P—31 or calico, may be, after all, fundamentally rather slight. If 
the agent responsible for the failure of chlorophyll to develop in nontrans 
missible variegations like P—12 could move out of affected cells, it would 
become a transmissible entitvy—one into which P—31 would fit. The develop 
ment of peach calico symptoms in some of the older leaves gives evidence 


that some agent is responsible for the destruction of chlorophyll already 
formed. Some workers have suggested that viruses might be disorganized 
chromatin material, which, once outside its normal cell function, is able to 
reproduce itself at the expense of the cell. The presence of only one affected 
leaf on the stock of a bud-inoculated tree (No. 10, Table 1) suggests an 
erratic, unpredictable behavior for the virus causing peach calico. 

The period of incubation of some fruit virus diseases is so long that at 
this stage of our knowledge the supposedly new viruses may, in reality, be 
delaved appearances. The rather sudden increase in the number of ‘‘odd’’ 
virus diseases still leaves a possibility of ‘‘spontaneous’’? origin of plant 

IVwses 

It might be true, too, that in plant diseases we have neglected the pos 
sibility of wind- or air-borne viruses, such as are reported to occur in animal 
pathology. These new cases might be the establishment of an unsuspected 
virus such as one from an herbaceous plant in a woody plant. This hypo- 
thetical assumption, however, might not even, if proved, settle the point as 
to whether the virus is ‘‘new.’’ 

The writer does not wish to infer that the leaf variegations noted, neces 
sarily have any connection with the virus diseases, peach wart and Western 
X. The observation might, however, have more significance than the mere 
recording 

The above discussion, of course, has not mentioned all the important 
points in a problem of this nature, but it may serve to indicate that there 
still are many questions to answer as to where ‘‘new’’ viruses come from, 
The occurrence of the disease, peach calico, has been of great interest to the 
vriter from this standpoint. 


SUMMARY 


Variegation of peach leaves on 5 trees in Idaho has been shown by bud 
inoculation to be of at least 2? tv pes. (ne, nontransmissible, is reearded as 
a chimera and is characterized by irregular yellowing in which 3 rather dis- 
tinet shades of green are exhibited. The other type, called calico, character- 
ized by extensive vellowing, finally produces a papery-white leaf and twig 
Tissue It is transmissible. Affected fruit is shorter, more round and shows 
creaniy-white to red patches. Historical facts and transmission tests are 
‘ported and the two types of disease are compared. The question regard- 


ne the possible origin of the virus is discussed. 
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DISSEMINATION OF A PEACH MOSAIC 


H EARL THOMAS, C. EMLEN ScoTtT, E. E. WILSON 
AND J. H. FREITAG 


Accepted for publication November 1, 1943) 


The disease initially referred to’ as the Winters peach mosaic and here 
designated as vellow bud mosaic (Jnops consilit) has been found in 11 addi- 
tional orchards in the Winters District of Solano and Yolo Counties, Cali- 
fornia. The change to the more descriptive name is based on an early season 
sequence of symptoms in which many buds on the severely affected branches 
push out to a few millimeters in length at the beginning, then remain pale 
vellow and virtually at a standstill on otherwise bare branches for as much 
as several weeks. These buds later may die or slowly develop a tuft of small 
somewhat distorted leaves (Fig. 1, C). In tree-by-tree examination of 10 of 
these orchards, infected trees were found to be not scattered more or less at 
random as was expected but in compact groups (Fig. 1, A and B) indicating 
that the transfer of virus usually is from one tree to the next adjacent rather 
than over greater distances. Occasional foci of infection are found at con- 
siderable distances from any apparent source, but the spread from these foci 


s in turn almost invariably to immediately adjacent trees. This distribu- 


tion in the orchards is quite unlike any known to the writers for other fruit- 
tree virus diseases, including the similar mosaie of peach in Colorado.’ 
With the buckskin disease, for example, in orchards of the Winters and sev- 
eral other districts of the State infected trees usually are widely separated 
and often without any apparent relation to source of inoculum (Fig. 1, B). 
The three varieties, Elberta, Lovell and Muir, commonly grown in the 
Winters District, are all distinctly susceptible to vellow bud mosaic and seem 
to become infected with about equal facility under orchard conditions. 
Among the stone fruits other than almond, apricot, and peach, only 
plums (P. domestica) have been seen under extreme exposure to natural 
inoculation. No mosaic symptoms have been seen in the plums that seem to 
related to the disease in peach nor have any been produced by artificial 
inoculation of domestica plums. None of the 7 native species of Prunus 
recorded for the State has been found in the vicinity of affected orchards. 
since apricots and almonds are the leading fruits of the district and both 
ir susceptible to the vellow bud mosaic, the relation of these to the disease 
peach is of interest. 
The virus seems to spread readily from peach to apricot and from apricot 
peach (Fie. 1, B) but the apricot is so little injured that symptoms are 


ten entirely lacking, especially in older trees. The orchard shown in part 


s, H. Earl, and T. E. Rawlins. Some mosaie diseases of Prunus species. Hil- 
g 12: 623-644 1939, 
Bodine, E. W. Peach mosaic disease in Colorado. Colorado Agr. Exp. Stat. Bull. 
[—1]. 1936. 
Thomas, H. Earl, and C. Emlen Seott. Prevalence of buckskin in peaches. U. 8. 
\g Pl. Dis. Rptr. 27: 292-293. 1943. 
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Fig. 1. A. Spread of yellow bud mosaic from almond to peach. B. Spread from 
apricot to peach. Cireles indicate infected peach trees, dashes represent missing or re- 
planted trees. The two squares in B bordered by heavier lines represent trees infected by 
buckskin. C, Severely infected Lovell peach trees photographed in June. 
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in figure 1, B, is one of several in which a clear relation between apricots and 
infection of peaches is indicated. This block of 14-vear-old Lovell trees is 
bordered on the north by a block of apricots bevond which a block of Muir 
trees had an increasing number of infected trees from 1936 and probably 
earlier until it was removed in 1942. Most of the south border of this Lovell 
block is also apricots, but the map indicates that these are not supplying 
inoculum. The one group of infected trees, which reaches the south border, 
probably represents a single instance of dissemination over a greater dis- 
tance than usual. This surmise is supported by the presence of several re- 
plants, now about 5 vears old, near the center of this group. The disease 


was noticed in this block for the first time in 1940, but probably was present 


rr some time prior to that vear. The map shown in figure 1, B, was made 
in June, 1943. 

Several foci of infection in other peach orchards were found in which the 
only infected trees were in outside rows adjacent to apricots. 

The almond, on the other hand, may be considerably injured by the dis- 
ease (intermediate between apricot and peach) but is much more likely to 
escape infection. Kor example, an almond block of about 15 acres now in 
the 5th growing season was interplanted among heavily infected peach trees 
a vear before the peaches were removed. On one border is an apricot block 
that has had a considerable number of infected trees throughout the 5-year 
period. To date no evidence of infection in this block of almonds has been 
found. 

At least one case has been seen, however (Fig. 1, A), in which almond 
seems to be clearly a source of the virus for peach. Six rows of 36 trees each 
(216 trees) about 10 vears old lie adjacent to a short block of old almond 
trees several of which in the 2 or 3 rows nearest these peach trees bear the 
type of svmptoms characteristic of the disease in almond. The remainder 
of that side of the peach block is bordered by older peach trees. It seems 
obvious from figure 1, A, that the virus has spread from the almonds to the 
peaches and this evidence is supported by the fact that the most severely 
affected peaches are nearest to the almonds. Two other sides of this almond 
block are bordered by older peach trees, but no infected peaches or almonds 
were found at these boundaries. 

In contrast with the orchards discussed above are others with no apparent 
external source of inoculum. In the latter, there are typically fewer in- 
fected trees in 1 or 2 outside rows than in those farther from the borders. 
This seems true whether the orchard be adjoined by a highway or by another 
orchard. 

Several orchards were found in which the disease undoubtedly is per- 
petuated by replanting peach trees among or adjacent to older trees. In 
one such case, infected trees were seen ranging in age from 2 to 30 or more 
\ ears 
Since the vectors of nearly all virus diseases of fruit trees remain not 


only unknown but without even a good clue, it may not be altogether futile 
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to speculate as to the possible significance of the field observations as bearing 
on the type and habits of the veetor. The observed facts seem to indicate 
that the vector has a very limited range of movement, is readily attracted 
to peach and apricot, distinctly less so to almond, and has a tendeney to 
shun the border rows of peach blocks. Less certain is a seeming preference 
for low areas in the orchards. 

(ne of the writers (Freitag), in 1938, tested about 20 species of insects 
as possible vectors of the vellow bud virus on 332 inoculated trees. <All 
results were negative. 
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INTRODUCTION 


The discovery of masked virulent Yanthomonas phaseoli (KE. F. Sm.) 


Dowson in the inoculum used in testing hybrids of common bean (Phaseolus 


vulgaris li.) for mosaic resistance, led the writer to undertake the studies 


here reported. A preliminary report (14) has been published. Investiga- 


tions of this kind are important for the following reasons: 


l. 


The breeding of resistant varieties is one of the most effective means 


combating plant diseases, and is being widely applied to beans, with ex- 


cellent results. The procedure involves the testing of the parents and 


progeny for resistance by inoculation with the infective agent in question. 


The type of pure-culture inoculation employed with bacteria and 


fungi has not been possible with the viruses, as investigators have yet to 


diseover a means of cultivating them on a nonliving substratum (25). The 


common practice among plant pathologists working with virus diseases has 


been, therefore, to use the juice of infected plants as inoculum. 


oo. 


An unsuspected association of two infective agents may occur in the 


test plant if, as in the case under consideration, a second parasite is masked 


in the plant tissues the juice of which is used as inoculum. Both the virus 


the common bean mosaic, Marmor phaseoli Wolmes, and Vanthomonas 


pha 


seoli are seed-borne, and are often associated in nature. 


L. 


The association of infective agents may result in complications that 


uld go far to invalidate the interpretation of results by the investigator 


who had introduced one of them unwittingly along with his inoculum. 


2] 


thy 


Pasteur’s early work on fermentations (20) and Pasteur and Joubert’s 


discovery that Bacillus anthracis could be inhibited both in vitro and 


vo by the simultaneous inoculation with various common bacteria were 


forerunners of studies of microbial associations in all fields of microbi- 


The literature on this subject has now assumed voluminous propor- 


tions and has been reviewed recently by Waksman (33, 34). 


It has been experimentally shown that association, though sometimes 


vithout apparent effect, often results in mutual or unilateral antagonism or 


stimulation. The practical importance of this is obvious and has been voiced 


Waksman in the second of his reviews (34), in which he says: “Tt ‘2 


sible we are finally approaching a new field of domestication of micro- 


\ssociate Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
nt Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 


United States Department of Agriculture, Plant Industry Station, Beltsville, 
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organisms for combating microbial enemies of man and his domestic plants 
and animals.’’ 

One of the best-known therapeutic measures based upon the principle 
of the antagonism of micro-organisms is the malaria treatment of syphilis. 
Following the brilliant work of Wagner v. Jauregg (15) for which he re- 
ceived the Nobel prize in 1927 (3), this method has become a routine in 
mental hospitals (12). 

In more recent years the soil as a source of organisms antagonistie to 
pathogens of man, animals, and plants has attracted considerable attention. 
Foremost in the field are Waksman and Woodruff (35, 36, 37), who isolated 
a soil Actinomyces (Act. antibioticus) active against a great variety of bac- 
teria and fungi, pathogenic and nonpathogenic, and Dubos (8, 9, 10, 11), 
who obtained from the soil a bacillus secreting a bactericidal agent, grami- 
cidin. Gramicidin is active in vitro and in vivo against Gram-positive bac- 
teria, including pneumococci and streptococci. An extract of the bacillus 
in question protects white mice against infection with large numbers of 
virulent pneumococci. Little, Dubos, and Hotchkiss (18), working with an 
oil mixture of gramicidin, effected complete cures in 84 per cent of cases of 
bovine mastitis, some of which were of a severe chronic nature. 

Penicillin, the chemical agent of such promise as a bacteriostatic agent, 
was isolated by Fleming (13) following his observation of the lysis of staphy- 
lococcus colonies surrounding a Penicillium contaminant in one of his plates. 

Examples of antagonism are not lacking in the field of plant pathology. 
Brown and Quirk (6), in their work on the influence of bacteriophage on 
Agrobacterium tumefaciens (Erw. Sm. and Towns.) Conn, found that the 
largest and greatest number of plaques due to the lytic principle could be 
obtained on beef agar plates and slants with filtrates of carrot rotted as a 
result of pure-culture inoculation with Bacillus carotovorus Jones. The 
presence or absence of plaques was linked with oxidation and pH potentials. 
This idea of chemical-physical stimulus was thus expressed by Erwin F, 
Smith (32) in a paper on the production of tumors in the absence of para- 
sites: ‘All tumors, so far as they are due to parasites, must be assumed to 
be due to the chemical-physical action of the by-products of the metabolism 
of these parasites just as most communicable diseases are due not to the 
parasites themselves but to their toxins.’’ 

Two antagonistic bacteria occurring in vivo have been reported by Adam 
and Pugsley (1). They frequently found associated with Pseudomonas 
medicaginis var. phaseoli (Burkh.) Stapp and Kotte in the host a nonpatho- 
genic yellow organism that, when mixed with the pathogen at the time of 
inoculation, retarded the rate of development of the very destructive bean 
halo blight. 

Ark (2) has isolated two soil bacteria that have proved strongly antago- 
nistic to 16 phytopathogenic¢ bacteria and 6 fungus plant pathogens. 

In the plant-virus field cross immunity has been demonstrated with 


strains of a given virus in numerous groups; e.g., Kunkel (16) has shown 
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that protection is afforded Nicotiana sylvestris Spegaz. and Comes against 
the necrotic type of aucuba mosaie¢ virus by earlier inoculation with ordinary 
tobacco mosaic virus or with either of two attenuated strains of aucuba 
mosaic virus. Equally striking is his work (17) showing that the viruses 
of peach vellows and little peach produce reciprocal immunity in the host. 

Another example in this field is the acquired immunity of Zinnia elegans 
Jacq. from cucumber mosaic. Price (23) found that a necrotie type strain 
could not infect mottled leaves of plants infected with any one of 4 strains 
of cucumber mosaic. An excellent review of the subject of acquired im- 
munity from plant-virus diseases is given by Price (24). 

An outstanding example of the stimulating effect of one infective agent 
upon another is swine influenza. Shope (26) in 1931 cleared up the mystery 
of this highly contagious disease which made its appearance at the time of 
the great pandemic of human influenza in 1918 and appears to be closely 
related to it (27, 28). He proved that it was caused by a bacterium and a 
virus acting synergistically, the first such case on record among the diseases 
of animals or man. The bacterium, Hemophilus influenzae var. suis Shope, 
though constantly associated with the disease, proved to be nonpathogenic 
when administered alone; the virus filtrate alone, on the other hand, pro- 
duced an extremely mild though contagious ailment. A mixture of the 
virus filtrate and pure cultures of the bacterium caused a prostrating illness, 
an extreme pneumonia identical clinieally and pathologically with swine 
influenza. 

An example of synergism from the plant kingdom is a bacterial disease 
of ivy in which Burkholder and Guterman (7) found a nonpathogenic bac- 
terium to be associated with the pathogen Vanthomonas hederae (Arnaud) 
Dowson, and to produce an accelerating effect upon it. Plates were poured 
from lesions artificially produced by a mixture of the two organisms. Plates 
from small spots contained an approximately equal number of the two types; 
those from large lesions, on the other hand, contained a much greater number 
of the accelerating bacterium than of the pathogen. 

Brierley (4, 5) has presented evidence of an example of synergism in 
the plant virus field. He showed associated in the flecked mosaic of Easter 
lilies, a virus of the cucumber mosaic group and a virus causing breaking 
in tulips. 

The foregoing illustrations chosen from the field of infectious diseases, 
animal and plant, relative to interactions of associated organisms suffice to 
make clear their significance. They justify Waksman’s statement (34) 
previously quoted and show why, in testing breeding stocks and hybrids for 
disease resistance, it is imperative to know whether more than one organism 


is present in the inoculum. 


HISTORY OF THIS ASSOCIATION 


The circumstances leading to the discovery of the association under dis- 


eussion were as follows: In the course of mosaic-resistance tests being carried 
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on by W. J. Zaumever at The Plant Industry Station, Beltsville, Maryland, 
the attention of the writer was called to typical Yanthomonas phaseoli 
lesions on a very high percentage of plants of a bean hybrid, later known as 
U.S. No. 5 Refugee. These had been inoculated about 3 weeks earlier with 
bean virus 1 from seed-infected bean plants. The primary leaves of the 
hybrid in question had been rubbed with the juice of trifoliate leaves of 
Stringless Green Refugee showing typical common bean mosaic svmptoms 
but no bacterial lesions. 

The inoculated hybrid, which was mosaic-resistant, showed no mosaie 
symptoms, but, instead, widespread bacterial infection on the rubbed pri- 
mary leaves. This phenomenon had been observed in a number of earlier 
similar inoculation experiments. Furthermore, a great number of typical 
Nanthomonas phaseoli lesions had been observed also on the inoculated pri- 
mary leaves of mosaic-resistant Corbett Refugee and Robust beans tested by 
Zaumever with 3 clover mosaics: 1. Bad bacterial infection occurred on Cor- 
bett Refugee inoculated with alsike clover mosaic. 2. There was slowly 
developing bacterial infection on Corbett Refugee inoculated with alsike 
clover mosaie [V. 3. Mild bacterial infection on Robust followed inocula- 
tion with red-clover mosaic. All of these clover mosaic viruses had been 
passed through bean previous to these inoculations. There had been no sign 
of bacterial infection on these bean plants used as inoculum for the tests 
here described. From all three sets of clover-mosaic-virus inoculations 
the writer isolated ‘‘typical’’ Vanthomonas phaseoli from the inoculated 
primary leaves of bean. : 

Subsequently, on a number of occasions, the writer has had similar ex- 
perience when using as inoculum trifoliate leaves of Strineless Green 
Refugee grown from seed infected with bean virus 1. 

rom the bacterial lesions on the primary leaves of the aforementioned 
hybrid (U.S. 5 Refugee) there was no difficulty in isolating ‘‘typical’’ 
Nanthomonas phaseoli. This was designated Y. phaseoli ‘‘M-associate’’ 
(that is, mosaic-associate), and was the isolate thereafter used for the 
majority of the experiments the first vear of this investigation. 

Whence came the bacteria? In an attempt to answer this question, 
plates were poured from trifoliate leaves with typical mosaic symptoms but 
without signs of bacterial infection, 7.e., leaves resembling those used as 
inoculum for the aforementioned bean hybrid (U.S. 5 Refugee). From 
such leaves was isolated a comparatively small number of colonies of a yel- 
low organism which was later tentatively stvled Yanthomonas phaseoli 
variant ‘‘M-associate.’’ This variant® did not resemble the so-called ‘‘typi- 
eal’? VY. phaseoli, either in the isolation plates or on potato cylinders. It 
was, however, capable of producing a bacteriosis similar to some types of 
X. phaseoli infection and appeared, in most cases, to revert within the plant 
to the “‘typical’’ VY. phaseoli. 


2 This variant produces bright-yellow colonies with a wide, cross-hatched opalescent 
margin on pH 7.0 beef-infusion agar plates, and makes relatively scant restricted deep- 
yellow growth on potato, a marked contrast to the characteristic copious + fluid growth of 
**typical’’ 2X. phaseoli. 
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At this early stage in the investigation it seemed apparent, therefore, 
that the bacteria had been masked in the mosaic inoculum and introduced 
unwittingly therewith into the hybrid being tested for mosaie resistance. 

Since these early isolations, ‘‘typical’’ Yanthomonas phaseoli has been 
obtained repeatedly from Stringless Green Refugee trifoliate leaves showing 
typical mosaic infection and no bacterial lesions. It also has been isolated 
from Corbett Refugee trifoliate leaves with neither mosaic symptoms nor 
bacterial lesions. In all these later instances, however, the writer had 
knowingly introduced Y. phaseoli or its variant into the plants. This was 
done by inoculating bean seedlings with a mixture of mosaic-virus-infected 
juice and pure single-colony cultures of the bacterium. 

The masking of Yanthomonas phaseoli also occurs in leaves and stems 
of Stringless Green Refugee free from mosaic infection (unpublished work), 
and, hence, is not dependent on the presence of the virus. But the fact that 
this seed-borne bacterial parasite is not infrequently masked in virus-in- 
fected tissues raises many questions and introduces an element of uncer- 
tainty into the present methods of testing bean breeding stock, varieties, or 
hybrids for mosaic resistance. It becomes of the utmost practical impor- 
tanee, therefore, to determine whether antagonism or stimulation of one or 


both of the two infective agents results from their association in the host. 
MATERIALS AND METHODS 


Hosts 


The bean varieties used as hosts in these investigations were Stringless 
Green Refugee (susceptible to both the virus and the bacterium) and Cor- 
one of 





bett Refugee (mosaic-immune, Yanthomonas phaseoli-susceptible 
the parents of the hybrid later known as U.S. No. 5 Refugee). Unfortu- 


nately, there is no known bean variety resistant to Y. phaseolli. 


Seed Stock 


The same line of Stringless Green Refugee was used throughout. The 
seed originally obtained from a reputable grower was assumed to be a pure 
line. The genetic purity of the line throughout these studies cannot be 
euaranteed, although no apparently off-type plants were noted. The seed 
used in these experiments was collected from healthy plants in the breeding 
plots grown by W. J. Zaumever at Greeley, Colorado, or from the writer’s 
uninoculated check plants grown therefrom. The same was true of Corbett 
Refugee. 

Inocula 

The following infective materials were used as inocula in the course of 
these investigations: 

1. Mosaic virus (bean virus 1, MWarmor phaseoli)—juice from trifoliate 
leaves of plants grown from infected seed and showing typical symptoms of 


the common bean mosaic. 
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2. Xanthomonas phaseoli ‘‘M-associate’’—isolated from mosaic-infected 
plants at various times. 


’"—an atypical, mildly 


3. Xanthomonas phaseoli variant ‘‘M-associate’ 
pathogenic yellow form found (1) masked in typical mosaic-infected tri- 
foliate leaves and (2) in the petiole of a typical mosaic-infected trifoliate 
leaf in the leaf-blade of which ‘‘normal’’ Y. phaseoli was masked. It some- 


ee 


times reverted to ‘‘typical’’ Y. phaseoli in the host. 

4. Xanthomonas phaseoli—a number of isolates with no history of 
association with the virus. 

5. Mosaie virus plus the bacterium or its yellow variant—virus-infected 
plant juice to which single-colony cultures of the bacterium had been added: 
designated M+ P and M+ Pyar. 

6. Juice from plants artificially infected with both mosaic virus and 
bacterium in a series of direct passages from plant to plant with no inter- 
vention of culture media; designated (M+P) and (M+ Pvar). 

In addition to the above, the writer has tested for pathogenicity bacterial 
forms encountered from time to time in the isolation plates from plants 
inoculated with the combined virus and bacterium. 

Isolations of bacteria were made on pH 7.0 beef-infusion agar. When 
plates were poured from trifoliate leaves showing no bacterial lesions, it was 
necessary to use a large quantity of the plant material for plating. 


Preparation of the Inocula 


Virus. In the earlier experiments the virus inocula were prepared by 
macerating the infected trifoliate leaves in a sterilized mortar and express- 
ing the juice. Later the infected material was merely crushed in the gauze 
pad used to apply the inoculum. In every case the leaves were collected and 
crushed just before using. 

Bacterium. The bacterial inocula consisted of sterile distilled water 
suspensions of the growth in young single-colony cultures grown on steamed 
potato cylinders. 

Mixed Inocula. When the bacteria were mixed with virus-infected juice, 
no preliminary water suspension of the bacterial growth was made (with a 
single exception), since bean virus 1 will stand but little dilution. The mix- 
ture was not allowed to stand, but was used immediately. Sometimes the 
potato cylinders themselves were macerated and incorporated with the bac- 
terial growth in the mixed inoculum. 

The juice of infected plants containing both virus and bacterium was 
obtained by crushing the trifoliate leaves or plant tops in the inoculating 
pad. (See Part II Serial passages. ) 


Inoculation Methods 


The inoculations in these investigations were made on young seedlings 
having, as a rule, the primary leaves only. In the early experiments the 
leaves were supported by a wooden block and the inoculum was applied to 
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the under surface with a gauze pad. Sufficient pressure was exerted to 
ause considerable injury. Later, a pasteboard tag was substituted for the 
wooden block, which resulted in less severe but sufficient injury. Carbo- 
rundum was not used in the earliest experiments, but later was tried for a 
time. It was found to be quite unnecessary, and its use was discontinued. 

All inoculations were made in a greenhouse or in a screened house with- 
out glass. Plants were shaded for about 24 hours following inoculation. 

Uninoeulated plants were always held as checks. These were isolated 
from the inoculated plants. They were not rubbed with distilled water, 
vhich has no effect on bean foliage, or with apparently healthy trifoliate 
leaves, lest the latter contain a masked parasite. In these studies, one of 
the main purposes of the checks was to determine whether there was seed 
nrection. 


Abbreviations 


Ml salt Virus 
P? Yanthomonas phaseoli 
P i vellow variant of Yan/homonas phaseoli 
M+ P juice from serial passages started with juice containing the virus plus ‘‘ typi- 
eal’? A. phaseol 
Pvat juice from serial passages started with juice containing the virus plus the 


vellow variant of X. phaseoli 


bacterial isolate from a mosaic-infeeted plant 


PART J 
KARLY ANGLES OF APPROACH 
EARLY GREENHOUSE EXPERIMENTS 
lnoculations were made in the greenhouse the latter part of April in 
der to test the pathogenicity of the original bacterial isolates which had 
been found associated with the common bean mosaic (bean virus 1). The 
following inocula were used : 


Mosaie virus (bean virus 1, Marmor phaseoli); expressed juice from trifoliate 


of seed-infeeted plants. 

Ya homonas phaseoli ** VW-associate. Isolated 6 weeks before from typical 
haseoli lesions on primary leaves of the hybrid later known as U.S. No. 5 Refugee, 

had been inoculated with bean virus 1, but showed no virus symptoms; young 


rs on steamed potato cylinders from stock cultures on the same medium, kept in 
refrigerator after the initial growth period of about 2 weeks. For Stringless Bean 


| 
Refugee the whole culture, including the potato cvlinder, was used; for Corbett Refugee 
| bacterial slime was scraped off and used undiluted.% 


Yanthomonas phaseoli variant ** V-associate,.’’ Masked in Stringless Green 
fefugee trifoliate leaves showing typical mosaic symptoms; isolated 11 days previously : 
ng transfers on steamed potato cylinders as above. 
1. Mosaic :+ Nanthomonas phaseoli ‘* M-associate.’’ (Inoculum 1 + inoculum 2 
5. Vo aic l Yanthomonas phaseoli variant 7 associate,’’ (TInoeulum 1 - 


Ninety-six plants that had not vet developed their trifoliate leaves were 
noculated, 16 of each of the 2 varieties with the virus, and 8 with each of 


the other 4 inoeula listed above.t Fifty uninoculated plants were held as 


Later both varieties were tested with and without the incorporation of the potato 
in the inoculum. The results obtained from the two methods were the same. 

[It would have been desirable to have had more plants in these early experiments, but 
lable amount of seed stock with a known history was limited at this time. 
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Virus Infection 
Most unexpected and thought-provoking results were obtained from 
these early experiments. Stringless Green Refugee plants, inoculated with 


’? (inoculum 2), showed 


the bacterium, Yanthomonas phaseoli ‘‘ M-associate 
typical mosaic symptoms on newly developing trifoliate leaves in 6 days. 
In 25 days, 75 per cent of the plants were similarly infected. This was as 
high a percentage of virus infection as occurred in the plants inoculated 
with the virus-bearing plant juice (inoculum 1) alone. 

Similar results were obtained on plants inoculated with Yanthomonas 
phaseoli variant ‘‘ M-associate’’ (inoculum 3). The first mosaic symptoms 
appeared slightly earlier, that is in 4 days, and there was 75 per cent infec- 
tion in 12 days. (Table 1.) 

Both Yanthomonas phaseoli ‘‘M-associate’’ and the yellow variant ap- 
peared to carry the mosaic virus and produce typical mosaic. The virus 
apparently persisted in steamed potato cultures of Y. phaseoli for 6 weeks, 
although in the expressed juice of mosaic-infected plants it loses its virulence 
in 1 to 2 days at room temperature. 

It was carried apparently likewise in a virulent form by the variant for 
11 days. 

In this connection, it is interesting to note that Silber (29, 30, 31) and 
his colleagues preserved the vaccine virus for over 1} years in yeast cultures 
at room temperatures. The virus also was adsorbed by and grew on Staphy- 
lococcus. Poppe and Busch (22), using their methods, maintained the 
virus of foot and mouth disease through 60 passages on Torula rubra. 

The two sets of inocula (inocula 4 and 5), each consisting of a mixture 
of virus-bearing plant juice with one of the two bacterial isolates, had a 
slightly shorter incubation period. They produced on Stringless Green 
Refugee some mosaic in 3 days, as did also the virus-bearing plant juice 
(inoculum 1) alone—an extremely short incubation period for bean virus 1. 
In 25 days the virus-bearing plant juice + variant ‘‘M-associate’’ (inoculum 
5) had produced 100 per cent mosaic infection, the virus-bearing plant juice 
alone had produced 75 per cent mosaic infection (Table 1, inoculum 1). 

The recorded increase in mosaie after 12 days in all except set 3 (Table 
1) is accounted for by the fact that only plants with wnmistakable signs of 
typical common bean mosaic were entered in the table, and the majority of 
the additional infected plants recorded the 25th day had been labeled ‘‘ pos- 
sibly infected’’ on the 12th day, e.g., the 4 additional plants in the virus set. 

The writer does not believe that there was any infection due to aphids. 
Neither the insects themselves nor traces of their work were observed at any 
time. 

No mosaic symptoms appeared on the resistant Corbett Refugee in any 
of the sets (Table 2). The checks remained free from virus infection. 


Bacterial Infection 


In regard to bacterial infection, the results on the two bean varieties, 


both Yanthomonas phaseoli-susceptible, were as follows: 
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Stringless Green Refugee (Table 1). Both Xanthomonas phaseoli 
? 


‘*\M-associate’’ and the virus-bearing plant juice plus the same (inocula 2 
and 4) produced typical bacterial lesions on all the inoculated primary 
leaves. None were visible on the trifoliate leaves. On the other hand, the 
variant failed to produce visible bacterial infection whether used alone or 
with the virus (inocula 3 and 5). Nor did the virus-bearing plant juice 
alone produce bacterial lesions. This fact indicated that in this case no 
‘typical’? Yanthomonas phaseoli was masked in the inoculum. 

Corbett Refugee (Table 2). The mosaic-immune variety was more 
severely infected by the bacteria than Stringless Green Refugee. In 4 of 
the 5 sets of inoculations (inocula 2 to 5), bacterial lesions were produced 
on the inoculated leaves and secondary infections appeared on the stems. 
Visible bacterial infection never appeared on the trifoliate leaves. Inocu- 
lations with the virus-bearing plant juice alone (inoculum 1) produced no 
sign of bacterial infection. Yanthomonas phaseoli variant ‘‘M-associate,”’ 
both alone and with the virus-bearing plant juice (inocula 3 and 5), was, 
typical’’ 


ce 


however, more mildly infectious than the two inocula containing 
XY. phaseoli ‘* M-associate’’ (inocula 2 and 4). It produced but scattering 
leaf lesions and much less stem infection. 

No bacterial infection appeared on the checks of either variety. 

Under the conditions of this experiment, the mosaic virus Marmor 
phaseoli was not inactivated by Yanthomonas phaseoli ‘‘M-associate,’’ and 
vice versa, 

The mosaic virus was not inactivated by Yanthomonas phaseoli variant 
**M-associate.’’ The variant produced no bacterial symptoms on Stringless 
Green Refugee either alone or in combination with mosaic infected juice.° 
It did so on mosaic-immune Corbett Refugee, both alone and in association 


with the virus-bearing plant juice. 


Reisolation of ‘‘ Typical’? Xanthomonas phaseoli 


Wishing to watch the undisturbed development of these inoculated plants 
as long as possible, attempts at reisolation were too long deferred for best 
results, as it is often impossible to obtain ‘‘typical’’ Yanthomonas phaseoli 
from old leaf infections. However, ‘‘typical’’? Yanthomonas phaseoli was 
found masked in the trifoliate leaves of both varieties—in Stringless Green 
Refugee in leaves showing typical mosaic, in Corbett Refugee in apparently 
perfectly sound leaves. In both cases the inoculum had been the mixture 
of virus-bearing plant juice and VY. phaseoli ‘‘M-associate’’ (inoculum 4) 
(Tables 1 and 2). 

In order to isolate the masked bacteria from such trifoliate leaves, it is 
necessary to use a great deal more material than is customary in pouring 
plates from visible bacterial lesions. Judging from the number of colonies 


appearing in very heavily sown plates, the ‘‘typical’’? Yanthomonas phaseoli 
is present in comparatively very small numbers, at least in a form capable 


of cultivation on pH 7.0 beef-infusion agar. 


Compare inoculations 2 months later (Table 4). 
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‘Typical’? Xanthomonas phaseoli was also obtained from water-soaked 
spots on the inoculated primary leaves of Corbett Refugee inoculated with 
‘M-associate’’ (in- 


‘ 


the virus-bearing plant juice plus XY. phaseoli variant 
oculum 5). These leaves showed bacterial lesions typical of X. phaseoli. 
Under the conditions of this experiment, the Y. phaseoli variant ‘‘M-asso- 
ciate’’ had reverted in the host to what has long been considered normal or 
typical XY. phaseoli. (See Table 2.) 


Isolation of S®° Opaqhe White Colonies 

Of special interest to the writer was the occurrence of smooth, shining 
opaque white colonies in the plates from all five sets of inoculations on 
Stringless Green Refugee—even from the set inoculated with the virus-bear- 
ing plant juice alone. (See Table 3.) 

These colonies were similar in appearance to those now and then encoun- 
tered in isolation plates of Yanthomonas phaseoli in years past. They also 
resembled colonies of one of the forms appearing later in plates from serial 
passages of infected juice containing both Y. phaseoli and the virus. 

In the early greenhouse experiments under consideration they came up 
in considerable numbers in platings from the sets inoculated with the 3 
infective agents alone (inocula 1 to 3). They occurred in smaller numbers 
in plates from the 2 sets inoculated with a combination of the virus-bearing 
plant juice and the bacteria (inocula 4 and 5). 

No such colonies came up in the plates poured from 3 of the 5 sets of the 
inoculated mosaic-immune Corbett Refugee.“ No plates were poured from 
the 2 sets of this variety inoculated with virus-bearing plant juice (inoculum 
1) or with Y. phaseoli ‘‘ M-associate’’ (inoculum 2). 

This white form played a prominent role in dissociation studies, to appear 
in another paper. As had long been suspected by the writer, it was shown 


to be a mildly pathogenic variant of Yanthomonas phaseoli. 


FIRST SCREENED-HOUSE EXPERIMENTS 


The April experiments, described above, were repeated in the ensuing 
June and July. As hothouse temperatures run very high in summer, the 
plants were grown out-of-doors but under a 16-mesh* screened shelter for 
protection from the Mexican bean beetles. This of course reduced the light 
considerably and lowered the temperature somewhat. Nevertheless good 
infection resulted from both the virus-bearing infected juice and Yantho- 
monas phaseoli (Tabie 4) 

In addition to the 2 isolates that had appeared to be mosaic-virus car- 
riers in the previous experiment (Table 1), Xanthomonas phaseoli from a 
third source was tested. This isolate had no history of an association with 
the virus. It had been obtained from spotted Lima-bean pods from Cuba 


6 Smooth and shining. 
In later experiments, however, S opaque white colonies came up in isolation plates 
Corbett Refugee inoculated with virus-bearing plant juice plus another strain of 
, 


Yanthomo na phaseo No typical x phaseoli was present. 
Replaced by 8-mesh after the first summer, 
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and was designated VY. phaseoli Cuba Strain. It had been isolated about 6 
months earlier and kept in stock cultures on steamed potato cylinders in 
the refrigerator. 

No other isolates of Vanthomonas phaseoli were available for testing in 


the screened house at this time. 


Inoculations with the Bacteria Alone 


Because of delays in the construction of the screened house, this inocu- 
lation experiment was about 2 months later than the greenhouse experiments. 
By this time both Yanthomonas phaseoli ‘‘M-associate’’ and Y. phaseoli 
variant ‘* M-associate’’ no longer appeared to carry the virus.® Each isolate 
caused bacterial infection on each bean variety. 

Of the two ‘‘M-associates,’’ Yanthomonas phaseoli variant was very 
much the less virulent (Table 4, No. 4). It is of considerable interest to 
note that when seemingly freed of its mosaie virus, the weakly parasitic 
variant was able to produce bacterial lesions on Stringless Green Refugee. 
This had not been the case when it appeared to be carrying the virus, al- 
though it had been able to do so on the mosaic-immune Corbett Refugee 
(Tables 1 and 2). 

Yauthomonas phaseoli Cuba Strain (Table 4, No. 3) produced 100 per 
cent bacterial infection in both bean varieties, but no mosaic. This isolation 


had been growing on potato evlinders 6.4 months when tested. 


Inoculations with the Virus-bearinge Plant Juice Alone 


The mosaic-virus-bearing plant juice alone produced 75 per cent typical 
mosaic on Stringless Green Refugee in 14 days, and none on Corbett Refugee 
Table 4, No. 1). There was no evidence of bacterial infection on either 
variety, indicating that there had been no masked ‘‘typical’’ Yanthomonas 
phaseoli in the virus inoculum, 

Tests of the juice of Corbett Refugee trifoliate leaves 20 days after rub- 
bing the primary leaves with virus-bearing plant juice showed that the 
virus had not been able to maintain its existence in this mosaic-immune 
variety. Juice of the Stringless Green Refugee inoculated at the same time 


transmitted the virus readily. 


Inoculations with Combined Bacteria and Virus-bearing Plant Juice 


Of the two combined inocula, only that containing the weaker bacterial 
parasite, Yanthomonas phaseoli variant ‘* M-associate’’ (Table 4, No. 6), pro- 
dueed any mosaic on the very susceptible Stringless Green Refugee. The 
reason for this is not clear. Is it because this variant with only mild 
pathogenicity offered less competition to the mosaic virus? 


These two isolates had been growing 3 and 2 months, respectively, on steamed potato 


eylinders which for this organism constitute an excellent culture medium if not over-cooked 
and if supplied with sufficient water to cover about half the cylinder. The cultures had 
been stored in the refrigerator after good growth had taken place, Young transfers on 


to evlinders were used as inoeulum, 
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As will be noted in table 4, the inoculations with the combination inocula 
containing the very virulent Yanthomonas phaseoli ‘‘M-associate’’ on the 
one hand and the mildly pathogenic variant on the other (Nos. 5 and 6) were 
made on the same day and hence under similar conditions. The source of 
mosaic virus was also the same, yet the combination inoculum containing 
the variant produced 28.6 per cent mosaic in 12 days, the other none. 

Both (5 and 6) produced bacterial infection. As in the April experi- 
ment, Yanthomonas phaseoli variant reverted to ‘‘typical’’ Y. phaseoli in the 
host (Tables 2 and 4). The 50 uninoculated plants remained healthy. 


S Opaque White Colonies 


S opaque white colonies like those recorded in the first inoculation 
experiment (Table 3) came up in considerable numbers in plates from 
month-old inoculations on Corbett Refugee. The inoculum in this case was 
Xanthomonas phaseoli Cuba + mosaic virus. The plants had shown 100 per 
cent ‘‘typical’’ Y. phaseoli infection. No ‘‘typieal’’ X. phaseoli appeared 
in these plates, although they were poured from a characteristic XY. phaseoli 
On the other hand, the ‘‘typical’’ Y. phaseol: was isolated the same 


esion. 


day from Stringless Green Refugee, which had been inoculated at the same 
time and with the same inoculum. In this set of plates no S opaque white 
colonies appeared. Both platings were from old lesions, and long experience 
in isolating this organism has shown that the results of plating from dried 
tissues are extremely variable. 

This set was not grouped with those in table 4 because, unlike sets 5 and 6, 
therein, a sterile distilled water suspension of the bacterium had been added 
to the plant juice containing the virus, thus diluting it considerably. No 


mosaic was produced. 


TESTS OF ADDITIONAL ISOLATES OF XANTHOMONAS PHASEOLI WITH NO HISTORY 
OF ASSOCIATION WITH THE MOSAIC VIRUS 

On November 16, the writer tested on Stringless Green Refugee and Cor- 
bett Refugee 2 recently obtained isolates of Yanthomonas phaseoli, unassoci- 
ated with mosaic, viz. : 

1. Yanthomonas phaseoli, ‘‘ Barelay’’ strain, isolated in July from young 
infections on leaves of bush Lima bean grown at Barelay, Maryland (3.6 
months on steamed potato cylinders). 

2. Yanthomonas phaseoli, ‘‘ Asgrow’’ strain, isolated in October from the 
defoliated tip of an Asgrow Stringless Green Pod plant from a test plot at 
Beltsville, Md. (5 weeks on steamed potato cylinders). The plants in the 
plot had been grown from seed stock used in a Maryland field where about 
50 per cent of the plants had been reduced to ‘‘sticks’’ through defoliation. 

3. For comparison, an ‘‘M-associate’’ isolate obtained in August from a 
trifoliate leaf with typical mosaic symptoms but no bacterial lesions.’° It 


From sereened-house inoculations of July 3, with the weakly parasitic Xanthomonas 
phaseoli variant ‘‘ M-associate’’ + virus-infected juice (Table 4, No. 6). 
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had been growing 3.4 months on steamed potato cylinders and was a rever- 


’ variant to ‘‘typical’’ XY. phaseolt. 


sion of the original yellow ‘‘ M-associate’ 

In addition to the pure culture inoculations with isolates 1 to 3, three 
sets of plants were tested with these isolates plus virus-bearing plant juice, 
and a fourth set with the virus-bearing plant juice alone. The juice of 
typical mosaic-infected trifoliate leaves was used as inoculum, from plants 
grown from virus-infected seed. 

The following results were obtained: 

1. All 3 bacterial isolates caused 100 per cent severe bacterial infection ; 
none produced mosaic. The ‘‘M-associate’’ isolate (No. 3) apparently had 
not carried the virus for 3.4 months in its stock cultures. 

2. The virus-bearing plant juice alone produced 60 per cent mosaic in 
17 days. There was no bacterial infection, which indicated that the inoculum 
had contained no masked Yanthomonas phaseoli. 

3. Three sets inoculated with a combination of the virus with each of 
the 3 isolates, respectively, showed good bacterial infection but no mosaie. 
The lack of virus infection in this case was puzzling, especially in view of 
the 60 per cent mosaic produced by the virus-bearing plant juice alone with- 
out the use of carborundum. Was it because these very virulent bacterial 
isolates had offered too much competition to the virus? 

4. With its reversion in the host to a ‘‘typical’’ Xanthomonas phaseoli 
strain (isolate 3), the original vellow ‘‘M-associate’’ variant had greatly 
increased in virulence. 

5. A few of the S opaque white colonies previously mentioned (Table 3) 
were associated with ‘‘typical’’ Xanthomonas phaseoli in isolation plates 
poured 13 days after the inoculation of Stringless Green Refugee with YX. 
phaseoli, ‘* Asgrow’’ strain (isolate 2). 


TYPES OF BACTERIA ISOLATED FOLLOWING AN IN VIVO ASSOCIATION OF 
XANTHOMONAS PHASEOLI CUBA STRAIN'! AND THE MOSAIC 
VIRUS, MARMOR PHASEOLI 


From February and March inoculations on Stringless Green Refugee 
with Yanthomonas phaseoli Cuba strain plus the mosaic-virus-bearing plant 
juice a number of types of bacteria were isolated. The above sets of inocu- 
lations had resulted in 44 to 693 per cent mosaic and a mild bacterial infee- 
tion. In addition to ‘‘typical’’ XY. phaseoli, the following isolates were 
obtained : 

1. Xanthomonas phaseoli variant-2,'* a yellow isolate from the petiole 
of a typical mosaic-infected trifoliate leaf of Stringless Green Refugee. 
This was isolated 29 days after rubbing the primary leaves with the mixed 
inoculum. ‘‘Typical’’ Y. phascoli was isolated on the same day from the 
blade of the same trifoliate leaf. It was masked therein. Like the original 


11 An isolate from Cuba with no history of association with virus. 

12 Resembling the original yellow variant used in the first experiments. This is the 
Pvar. used later in the serial passages of plant juice containing mosaic virus plus Xantho- 
monas phaseoli variant. 
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yellow variant when first isolated, Y. phaseoli variant-2 produced no visible 
infection on Stringless Green Refugee leaves (Table 1). It produced in- 
fection on pods, however, and did not revert to the ‘‘typical’’ Y. phaseoli 
therein. The original vellow variant had so reverted in the leaves of Cor- 
bett Refugee (Table 2) and, later, in Stringless Green Refugee (Table 4, 
No. 6). 

There was no evidence that variant-2 carried the virus. 

2. Smooth, shining white colonies. These were associated in the isolation 
plates with Yanthomonas phaseoli variant-2 above. They were non-patho- 
venic or mildly pathogenie. 

3. S pink colonies also associated with Yanthomonas phaseoli variant-2 ; 
non-pathogenic. 

4. Smooth, shining, round, opalescent, rather coarsely cross-hatched 
colonies that attained a diameter of 7-9 mm. in the most thinly sown plates; 
producing no trace of green fluorescence in pH 7.0 beef-infusion agar stabs; 
isolated from Stringless Green Refugee inoculated 18 days previously with 
the combined virus-bearing plant juice and Y. phaseoli Cuba strain. 

The plates were poured from trifoliate leaves with typical mosaic symp- 
toms but no bacterial lesions. The colonies appeared in 2 days in consider- 
able numbers (160 cir. in the most heavily sown plate). Four days later a 
second organism (yellow) appeared in much smaller numbers (25 in the 
most heavily sown plate (see No. 5 below) ). Nothing resembling ‘‘typical’’ 
Yanthomonas phaseoli or the original vellow variant ever came up in these 
plates from the mosaic-infected trifoliate leaves, although the Y. phaseoli 
Cuba strain used in the combination inoculum was a virulent strain and 
typical Y. phaseoli lesions had appeared on the rubbed primary leaves in 4 
days. The cross-hatched, opalescent colonies above described were extremely 
pathogenic to pods (prick inoculations), whence they were recoverable. 
They also produced infection of the stem and pulvinus but no visible infee- 
tion on sprayed, pricked leaf blades of Stringless Green Refugee. 

5. The yellow organism associated with the preceding in the isolation 
plates was, to all appearances, also pathogenic to pods (prick inoculations), 
but was never recovered therefrom (5 sets of plates from 3 infected pods). 
On the contrary the very pathogenic (to pods) organism with smooth, 
opalescent, cross-hatched colonies (see No. 4 above) came up in the plates 
from all three of these pods (in pure cultures from two of them). In the 
third pod it was associated with a green fluorescent organism as well, which 
was likewise pathogenic to pods (prick inoculations) and recoverable from 
the infected tissues. 

This series of isolations of various bacterial types from plants inoculated 
with a strain of Yanthomonas phaseoli of known virulence combined with 
virus-bearing plant juice cannot be viewed as proof that variation resulted 
from the action of the virus upon the bacterium, but such occurrences under 
these circumstances are interesting and should be recorded as a part of these 


association studies. As previously stated S white colonies have been en- 
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countered now and then in isolation plates of XY. phaseoli from bean plants 
showing no mosaic symptoms. The same is true, though very much more 
rarely, of pink colonies. The other forms have not been noted in isolations 
from mosaic-free plants. 


TESTS OF XANTHOMONAS PHASEOLI AND X. PHASEOLI VARIANT-2 AFTER 6 TO 63 
DAYS’ GROWTH IN VITRO FOLLOWING AN IN VIVO ASSOCIATION WITH THE 
VIRUS LASTING 28 TO 53 DAYS 


In the early experiments, cultures of Xanthomonas phaseoli and the 
yellow variant, both M-associates, appeared to carry the virus in a virulent 
form as long as 6 weeks. After 2 or more months in stock, the cultures seem- 
ingly lost their ability to produce mosaic. To what extent might number of 
days’ growth im vitro and of association with the virus in vivo be factors 
determining whether or not the bacterium could be a carrier of the virus? 

In an attempt to shed some light on this question, a series of inoculations 
was made with isolates with histories of 6 to 63 days in vitro after previous 
association for 28 to 53 days with the virus tn vivo. 

The inocula consisted of all isolates in stock that had a history of associa- 
tion with the virus in vivo, viz. : 

[solate 1. Xanthomonas phaseoli isolated from the blade of a typical 
mosaic-infected trifoliate leaf (from a plant inoculated with mosaic- 
virus-bearing plant juice plus Y. phaseoli Cuba strain. 

Isolates 2,3 and 4. Descendants of Isolate 1, after 1 or 2 passages through 
the plant in company with the virus-bearing plant juice. 

Isolate A. Xanthomonas phaseoli variant-2 isolated from the petiole 
of the same trifoliate leaf as Isolate 1 (plates poured the same day). 

Isolates B and C. Descendants of Isolate A after subsequent passage 
through the plant in company with the virus-bearing plant juice. 
Young cultures on steamed potato cylinders were used. Details of the 
in vitro and in vivo history of the isolates follow: 

Nanthomonas phaseoli: 

Isolate 1. Tested after 7, 14, 16, 27, 36, 37 days in vitro; previously 
associated with the virus in vivo 29 days. 

[solate 2. Tested after 27, 35, 47 days in vitro; previously associated 
with the virus in vivo 28 days. 

Isolate 3. Tested after 63 days in vitro; previously associated with 
the virus in vivo 28 days. 

Isolate 4. Tested after 6 days in vitro; previously associated with 
the virus in vivo 49 days. 

NVanthomonas phaseoli variant-2 : 

Isolate A. Tested after 15 and 16 days in vitro; previously asso- 
ciated with the virus in vivo 29 days. 

Isolate B. Tested after 12 days in vitro; previously associated with 
the virus 53 days in vivo. 

Isolate C. Tested after 17 days in vitro; previously associated with 


the virus in vive 53 days. 
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No mosaic was produced in any of the 15 sets of leaf-inoculations (all 
made on Stringless Green Refugee). In other words there was no evidence 
that in these cases the bacterium was carrying the virus. When these same 
isolates were combined with mosaic-virus-bearing plant juice, mosaic was 
always produced. 

There was, furthermore, no indication that association with the virus 
in vivo for 28 to 53 days had lessened the ability of ‘‘typical’’?’ Xanthomonas 
phaseoli to produce bacterial lesions. XY. phaseoli variant-2, on the other 
hand, produced no bacterial lesions on leaves. Other tests proved it to be 
infectious to pods after 9 and 55 days in vitro, following 29 days’ association 
with the virus im vivo. 

By this time it was apparent that mere association per se was not the 
sole answer to the surprising results obtained in the first experiment. At 
that time inoculation with seemingly pure cultures of Xanthomonas phaseoli 
and Y. phaseoli variant, each of which had been associated with the mosaic 
virus in vivo (Table 1), had produced 75 per cent typical mosaic on plants 
errown from seed collected by W. J. Zaumeyer, from healthy plants in his 
Greeley, Colorado, breeding plots. There had been no sign of seed infection 
in the 50 uninoculated checks. 


At this point the problem was attacked from a new angle. 


PART II 
SERIAL PASSAGES OF ASSOCIATED INFECTIVE AGENTS 

The association of the mosaic virus and Yanthomonas phaseoli occurs 
under natural conditions in the seed. The two original bacterial carriers 
of the mosaic virus had such an origin. This association may have been 
eoing on indefinitely for many generations. These facts led to the con- 
clusion that it would be desirable to know what would be the effect of 
continual uninterrupted association of the virus and the bacterium in the 
bean plant without any intervention of culture media. Accordingly, after 
the 14 vears of preliminary work reported in Part I, there were inaugurated 
2 sets of serial passages of juice containing the two infective agents. String- 
less Green Refugee, susceptible to both pathogens, was used as the host plant. 
Kor the sake of brevity the 2 series will be designated (M+P) and 

\i- Pvar) with superscripts indicating the number of the serial passage. 
The work herein described covers 50 serial passages and a period of 

3! years. The writer will not attempt to give the details of the individual 
passages, but will point out the facts that have stood out as high lights in 


this period of uninterrupted association in vivo of the infective agents. 
MATERIALS AND METHODS 
Inocula 


The inocula used to inaugurate the serial passages were: 


1. (M+P): Juice from typical mosaic-infected trifoliate leaves of 
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Stringless Green Refugee beans. The plants had been inoculated 3 weeks 
before’® with Yanthomonas phaseoli + mosaic-virus-bearing plant juice. 

2. (M+Pvar): Juice from similar trifoliate leaves from plants inocu- 
lated 34 weeks before’ with XY. phaseoli variant-2 + mosaic-virus-bearing 
plant juice. 

Both the Yanthomonas phaseoli and the X. phaseoli variant-2 which were 
contained in juices 1 and 2 had descended via a short series of plant passages 
and re-isolations from the same typical mosaic-infected trifoliate leaf.*® 
X. phaseoli had been isolated from the leafblade and X. phaseoli variant-2 
from the petiole on the same date. 


Methods of Inoculation 


The methods pursued during these serial passages were similar to those 
previously described with the exception that in this case no cultures of the 
bacteria were used. The only inoculum was juice containing the virus and 
one of the bacterial isolates. For each serial passage juice from plants of 
the preceding one was used as inoculum. 

Asa rule the passages were made at 3-week intervals. Carborundum was 
found unnecessary and was discontinued after the fifth serial passage. 
There was an average of 20.9 inoculated plants in each set. 

Numerous uninoculated checks were held throughout the period of inves- 
tigation and the total incidence of mosaic among them was less than 0.4 
per cent. There was still less bacterial infection. 

Although the possibility of occasional seed infection cannot be ruled out 
absolutely, there is overwhelming evidence, as seen above, of the disease- 


free character of the seed stock of Stringless Green Refugee as a whole. 


HIGH LIGHTS IN SERIAL PASSAGES 
[. The Virus 

1. Domination of the Virus: From the beginning domination of the virus 
has been observed, and has become increasingly more apparent as the serial 
passages increased in number. 

2. Increasing Percentage of Mosaic Infection with Increased Number of 
Serial Passages. (M+P): From an average of 60.7 per cent mosaic in the 
first 10 serial passages the amount of virus infection rose to 100 per cent 
throughout the fifth decad. The maximum, minimum, and average per cent 
of virus infection in the sets of the 5 deeads are shown in table 5 together 
with the numbers of sets showing the indicated percentages and the numbers 
of inoculated plants on which the percentages are based. 

(M+ Pvar): The rise in the amount of infection in this series was only 
slightly less spectacular than was that in (M+P). Details of maximum, 
minimum, and average infection are shown in table 6. 


Showed 48 per cent mosaic and considerable Xanthomonas phaseoli infection. 
14 Showed 100 per cent mosaic and little if any sign of bacterial infection. 
15 From a plant inoculated with XY, phaseoli Cuba Strain + mosaic-virus-bearing plant 
juice, 
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TABLE 5.—Serial passages of (M+ P) 
er Te Maximum virus Minimum virus Average virus 
M +P) series "ee ate ae eee Nha 
infection infection infection 
t | | sstetleadticianmail 
Decad Per cent Per cent Per cent 
lst 
(199 plants 100 (3 sets—32/32) 14.3 (1 set—2/14) 60.7 
2nd 
(201 plants 100 (2 sets—43/43 53.3 (1 set—8/15) 78.6 
srd 
(193 plants ) 100 (2 sets 38/38 ) 31 (1 set 5/16) 63.0 
tth 
218 plants 100 (3 sets—71/7] | 80 (2 sets—24/30 ) 92.3 
5th 
235 plants ) 100 (10 sets—233/233) | 100.0 


3. Sudden Onset of Ultra-severe Mosaic Infection: In the beginning, 
and for 37 succeeding serial passages, the mosaic infection in both series 
was, on the whole, mild. Only moderate stunting and a few typically in- 
fected (curled and mottled) trifoliate leaves were produced. With the 38th 
serial passage (both series) ,'® however, there was in all the inoculated plants 
a sudden onset of an ultra-severe form of mosaic. This continued with all 
succeeding passages throughout the 50 here described. Possible reasons for 
this sudden change in degree of virulence will be discussed later. 

In the ultra-severe mosaic there was extreme dwarfing and bunching of 
tiny shoots (Fig. 1). The majority of the trifoliate leaves were minute 
and more or less filiform; many of them consisted of little more than a 
midrib. The primary leaves and the larger trifoliate leaves, if any, showed 
striking discoloration and very conspicuous veining. This was unlike the 
typical mosaic mottling, and indicated extreme disturbance of the physiologi- 
eal functioning of the plant. Only an occasional plant produced pods or 
even blossoms. At this point the writer found it necessary to use whole tops 


of plants instead of selected trifoliate leaves as inoculum. 


TABLE 6.—Serial passages of (M+ Pvar) 


(M + Pvar Maximum virus Minimum virus | Average virus 
series infection | infection infeetion 


Decad Per cent Per cent Per cent 
Ist 
(203 plants 100 (1 set—16/16) 28.6 (1 set—2/7) 62.1 
2nd | 
(199 plants 91 (1 set—21/23 | 15.4 (1 set—4/26) 53.8 
3rd 
171 plants 100 (2 sets—26/26 | 21.7 (1 set—5/23) 67.0 
ith 
219 plants 100 (3 sets—61/61) | 52 (1 set—13/25) | 77.4 
5th 
257 plants 100 (9 sets—224/224 | 84.8 (1 set—28/33) | 98.5 


It is interesting to note that, since for various reasons the (M+ Pvar) serial pas- 
sages fell 2 behind those of (M+P), the 38th serial passages of the 2 sets did not oceur 


on the same date. That of (M+ Pvar) was made on January 16: that of (M+ P) on the 
28th of the preceding November, or 2 years 44 months and 2 years 3 months, respectively, 


after the inception of the serial passages. Light conditions, according to the Weather 


Bureau, were approximately the same on the 2 dates, 
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Fig. 1. <A. Stringless Green Refugee bean plants 6 weeks after inoculation (when 
13 days old) with the 37th serial passage of mosaic-virus-bearing plant juice plus Xan- 
thomonas phaseoli, (M + P)#%, showing extreme dwarfing, bunching, and discoloration; no 
pods or blossoms. B and C, Details of above. D. Plants (in background) similarly 
inoculated with the 39th serial passage of virus and bacterium, (M+ P)4°, 7 weeks after 
inoculation; portion of uninoculated check below. 
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Il. The Bacterium 


The following observations apply to both series, (M+P) and (M+ Pvar). 

1. Comparatively Inconspicuous Bacterial Symptoms. The bacteria in 
association with the mosaic virus in these serial passages have always ap- 
peared to play a subordinate réle. They have, as a rule, produced rather 
inconspicuous symptoms confined to the inoculated primary leaves. These in 
most cases might be easily overlooked. On the other hand, there were 
occasional severe symptoms caused by bacterial infection. 

2. Sudden Disappearance of the Bacterial Symptoms. All bacterial 
symptoms suddenly disappeared after 253 months of uninterrupted associa- 
tion of the infective agents in vivo ((M+P)** and (M+ Pvar)**) and 
shortly before the onset of the ultra-severe form of the mosaic. After 10 
successive passages, covering a period of 7 5/6 months, they reappeared on 
the inoculated primary leaves. 

3. Recovery of Typical Form of Xanthomonas phaseoli from Serial 
Passages. Even though bacterial symptoms were only rarely more than 
barely noticeable, it was usually fairly easy, before their complete disappear- 
ance, to recover the typical form of X. phaseoli from those trifoliate leaves 
showing mosaic but no bacterial symptoms. 

Such isolates were always virulent when tested. Extremely virulent 
isolates of Yanthomonas phaseoli were obtained, in fact, from the second 
serial passage (both series) preceding’ the one in which bacterial symptoms 
were wholly lacking. These isolates were entirely ‘‘typical’’ in appearance 
in the plates and on steamed potato cylinders. XY. phaseoli variant had 
reverted long since to the ‘‘normal’’ form. The above X. phaseoli isolate was 
one of those later used in dissociation experiments that furnished a spec- 
tacular demonstration of the changes seemingly undergone by the bacterium 
in its long, uninterrupted sojourn in the plant in association with the virus. 
This will be discussed later. 

Typical Xanthomonas phaseoli also was isolated from both (M + P)* and 
(M+ Pvar)**, the sets immediately preceding the disappearance of all signs 
of bacterial infection. These isolates were not tested for pathogenicity. 

Plants inoculated with 4 out of 20 isolates tested showed, in addition to 
bacterial infection, a small amount of mosaic, as follows: Isolate 1: from 
(M+P)?: 13.3% mosaic—2/15; Isolate 2: from (M+P)°: 6.9% mosaie— 
2/29: Isolate 3: from (M+ Pvar)**: 13.6% mosaic—3/22; Isolate 4: from 
(M+P)*°: 4.86 mosaic—1/21. The approximately 200 plants used as 
checks in testing these 20 isolates showed but 1 case of mosaic, or 0.5% 
(1/200). 

4. Dissociating S Yellow Nanthomonas phaseoli Colonies. Some of the 
plates poured, both before and after the onset of the ultra-severe mosaic, 
contained dissociating colonies of the ‘‘typical’?’ S yellow form of 
Xanthomonas phaseoli. Some of these colonies were very striking in appear- 


M+P)84 and (M+ Pvar)32, These had shown 92 per cent and 95 per cent mosaic, 
respectively, combined with 100 per cent good but not severe bacterial infection. 
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ance (Fig. 2). They ranged from S yellow colonies with S white marginal 
fan-shaped outthrusts to those in which all the periphery was S white, while 
the S yellow was reduced to a central portion resembling a 3- or 4-petalled 
flower. Sometimes there were islands of S white in the ‘‘typical’’ S yellow 
erowth. 


5. Isolation of Atypical Forms. Following the disappearance of the 


<é 


bacterial symptoms, the writer was unable to isolate ‘‘typical’’ Xanthomonas 








Se 





Fic. 2. Diagrammatic representation of dissociating colonies of Xanthomonas 
phaseoli in pH 7.0 beef-infusion-agar plates from serial passages of (M+P) and 
M + Pvar)—bean plant juice containing the mosaic virus plus the bacterium or its 
variant. The shaded portion represents what remains of the ‘‘typical’’ S yellow; the 
unshaded area, the mildly pathogenic white variant. 
phaseoli until the symptoms reappeared. On the other hand, the number of 
S opaque white colonies steadily increased. During the first year they were 
present in only 15 per cent of the serial passages from which platings were 
made; in the third vear, in 68.8 per cent. In the early part of the third year, 
the bacterial symptoms had disappeared and the sudden onset of ultra-severe 
mosaic followed shortly thereafter. 
An § pink form has occurred much less frequently and usually in smaller 
numbers, but has been found now and then ever since the serial passages 
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began. When it appears it is in most cases a minority group associated 
with ‘‘typical’’ Xanthomonas phaseoli or the S opaque white colonies. 

Pin-point colonies were now and then encountered in large numbers. 
They sometimes far outnumbered those of the ‘‘typical’’ Yanthomonas 
phaseoli. There were also colorless + R' colonies with filamentous out- 
growths of the Medusa-head type. Microscopic examination of the latter 
showed that they were made up of filaments. 

At this point it seemed apparent that the bacterium had been undergoing 
some change during its association with the virus in vivo. In order to shed 
some light on this phase of the interaction of the two infective agents, dis- 
sociation experiments were undertaken. The results of those studies will 
be reported in a second paper. 

DISCUSSION 

1. Did the bacterium carry the virus at any time during the experiment? 
There were more negative than positive results. The fact, however, that it 
appeared to carry the virus in the first experiment and to a lesser degree in 
the case of 4 isolates from the serial passages of (M+ P) and (M+ Pvar) is 
thought-provoking and worthy of record. In this connection it is of inter- 
est to note the order in which the mosaic symptoms appeared in relation to 
the location of the pots in the following two cases in the first greenhouse 
experiment : 

\. In inoculations with Xanthomonas phaseoli M-associate April 26 


(Table 1, inoculum 2) mosaic appeared as follows: 


Pots in 
order of 6 days 8 days 12 days 20 days 25 days 
inoculation 
Pot 1 0 0 0 0 1/2 
Pot 9 ] » » > ys) » » 2/2 
Pot 3 0 ? ? ? 1/2 
Pot 4 0 0 0 1/2 2/2 
Note: Numerator indicates number of plants infected; denominator, the number 


noculated. 

Krom the above data the writer concludes: 

a. If pots 1, 3 and 4, had had infected seed, mosaie would probably have 
appeared sooner. 

b. If pot 2 had had infected seed, infection would probably have been 
carried by the inoculating pad to pots 3 and 4 in which mosaic would in all 
probability have shown up sooner. 

B. In inoculations with Yanthomonas phaseoli variant (Table 1, inocu- 


lum 3) mosaic symptoms appeared as follows: 


Pots in 
order of 6 days 8 days 12 days 20 days 25 days 
inoculation 
Pot ] ] » » » » » » » s/o 
Pot °” a ,>/9 9/9 -? ” 7/9 
Pot 3 1/2 1/2 2/2 2/2 2/2 
Pot 4 l » ] » » /9 »ye oso 
Note: Numerator indicates number of plants infected; deaominator, the number 
noe at d. 
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From this the writer concludes: 

a. Pot 1 seemingly did not have seed infection as mosaic did not spread 
from it to pot 2. 

b. Pots 3 and 4 may have contained infected seed, though the possibility 
seems remote in view of the facts that the 50 check plants showed no mosaic 
symptoms and no aphids or evidence of their work were observed at any time. 

2. Were the sudden onset of the ultra-severe mosaic and its persistence 
due to the long in vivo association with the bacterium? This cannot be 
answered by ves or no. Another virus may have come into the picture or 
there may have been virus mutation. 

Bean virus 4, which was discovered in Louisiana two years later and 
vives very mild symptoms on Stringless Green Refugee (38), was tested in 
later studies in combination with bean virus 1. It did not increase the viru- 
lence of the latter (unpublished work). No carborundum was used. 

3. Did the virus influence the tendency of the bacterium to dissociate? 
The writer believes this to be the case, although this question cannot be 
definitely answered until a study has been made of serial passages in String- 
less Green Refugee bean plants of “‘typical’’ VYanthomonas phaseoli alone 
to determine whether the host can produce such an effect. Comparative 
dissociation studies of an isolate from the 34th serial passage of (M+P) and 
of a ‘‘normal’’ strain of Xanthomonas phaseoli showed that changes had 
occurred in the bacterium during its 2 vears’ in vivo association with the 
virus, whatever may have been the cause (unpublished work). 

This paper raises more questions than it answers. The writer feels that 
it is thought-provoking and submits it in the belief that it is worth while for 
an investigator to share with fellow workers observations that are sometimes 
puzzling. Later discoveries often explain results that were unintelligible 
in the past, and show them to be of outstanding importance. Such has been 
the history of the progress of science through the ages. 

The pathologists are, in contra-distinction to some other groups of biolo- 
gists, working with two living variables, the host and the parasite. In the 
case under consideration there are three, granted, for the sake of the argu- 
ment, that the virus belongs to the realm of living things. 

Till comparatively recent years the majority of bacteriologists have 
considered as contaminants such variants as they encountered and have 
made no study of their possible significance. Now, however, the days 
when a bacteriologist was considered a heretic if he questioned the fixity 
of species, are no longer with us. A certain amount of variation might 
now be considered the rule rather than the exception. There is variation 
even among the progeny of single cells!) Mellon’s (19) phrase ‘‘The poly- 
phasie potencies of the bacterial cell’’ expresses very well the view of many 
present-day bacteriologists. 

The virus is even more of an enigma. There is, as yet, no complete ac- 
ceptance of any one theory as to its nature, although it has been demon- 
strated that several plant viruses can be obtained in purified form as 
erystalizable proteins of extremely high molecular weight. 
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Of the host we are much less ignorant but there still are many unsolved 
problems that confront the investigator of the host-parasite relationship. 
With this apologia, the writer submits the following summary : 


SUMMARY 

These studies were undertaken for the purpose of determining (a) 
whether mutual or unilateral antagonism or stimulation resulted from the 
in vivo association of the two seed-borne infective agents, Yanthomonas 
phaseoli (KE. F. Sm.) Dowson and the virus of the common bean mosaie 
Marmor phaseoli Holmes (bean virus 1); (b) the application of any such 
interaction to the problems of breeding for disease resistance. 

The expressed juice of mosaic-infected trifoliate leaves of Phaseolus vul- 
garis L. used by an associate in testing for mosaic-resistance a bean hybrid 

later known as U.S. No. 5 Refugee) produced widespread typical Yantho- 
monas phaseoli lesions on the rubbed primary leaves. 

Virulent Xanthomonas phaseoli and a less pathogenic yellow variant of 
the same were found by the writer to be masked in trifoliate bean leaves 
showing only symptoms of typical common bean mosaic. 

Seventy-five per cent typical mosaic developed in one experiment on 
Stringless Green Refugee inoculated with single-colony cultures of 2 bae- 
terial isolates, viz., ‘‘typical’’ Xanthomonas phaseoli from the bacterial 
lesions on primary leaves (see No. 2 Table 1) and X. phaseoli variant masked 
in the trifoliate leaves (see No. 3 Table 1). The bacteria appeared to be 
carriers of the virus. The mosaic equalled in amount and was in no way 
distinguishable from that produced on plants inoculated with the virus 
alone. The ‘‘typical’’?’ Yanthomonas phaseoli produced 100 per cent bac- 
terial infection on the same Stringless Green Refugee individuals and also 
on Corbett Refugee. On the same date the less pathogenie variant produced 
bacterial lesions on the mosaic-immune Corbett Refugee only. 

The apparent ability to produce mosaic was retained by the ‘‘typical’’ 
Xanthomonas phaseoli for at least 6 weeks in stock cultures on steamed 
potato cylinders. About 2 weeks of this time the cultures were held at Jab- 
oratory temperatures. According to all published records, 1 to 2 days is 
the limit of ‘‘longevity’’ of the common bean mosaie virus in expressed juice 
at room temperatures. 

The mildly pathogenic yellow variant, after losing its seeming initial 
ability to produce mosaic, was able to cause bacterial symptoms on Stringless 
Green Refugee, not the case hitherto. 

Serial passages of infected juice containing both infective agents showed 
the domination of the virus and a marked increase in the amount and sever- 
ity of virus infection. With the 38th serial passage, 100 per cent extreme 
dwarfing and bunching was accompanied by the reduction of the majority 
of the trifoliate leaves to a minute filiform state consisting of little more 
than midribs. This ultra-severe form of the mosaic persisted throughout 


the remainder of the approximately 50 passages herein described. Striking 
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discoloration and conspicuous veining of the primary leaves, and of the 
large trifoliate leaves if there were any, indicated an extremely deranged 
metabolism. Only an occasional plant blossomed. 

Bacterial symptoms in the serial passages were as a rule, comparatively 
inconspicuous. They abruptly disappeared shortly before the sudden onset 
of the ultra-severe form of the mosaic. They recurred on the inoculated pri- 
mary leaves only after 10 serial passages. 

Virulent isolates of seemingly ‘‘typical’’ Yanthomonas phaseoli were 
readily obtained from the serial passages as long as bacterial symptoms were 
manifest. After the disappearance of the symptoms, however, colonies of 
the S opaque white mildly pathogenic form were present in increasing num- 
bers in the plates. The pink colonies also appeared from time to time, 
usually as a minority group. Later studies (unpublished work) showed 
that both the white and pink forms are variants of the virulent yellow X. 
phase oli. 

No typical Xanthomonas phaseoli isolates were again obtained until 
bacterial symptoms recurred on the inoculated primary leaves. 

An occasional set of plates showed colonies of XY. phaseoli which were 
spectacularly dissociating into S white and § yellow. 

The changes occurring in the bacterium in the course of the serial pas- 
sages were further demonstrated by dissociation studies to be reported in a 
later paper. 

In brief the studies showed that: 

1. Yanthomonas phaseoli may be masked in either mosaic-susceptible or 
mosaic-immune bean varieties. Mosaic-infected trifoliate leaves, used cus- 
tomarily as bean virus 1 inoculum, were not infrequently symptomless 
carriers of Xanthomonas phaseoli. 

2. In one experiment bean-mosaic virus apparently persisted in cultures 
of Yanthomonas phaseoli on steamed potato for as long as 6 weeks and in 
those of Y. phaseoli variant for 11 days. With the possible exception of 4 
isolates from the serial passages, no evidence of such persistence of the virus 
in culture was detected in other more extensive trials. 

3. In the long-continued in vivo association of the two seed-borne patho- 
gens in serial transfers from bean plant to bean plant, there occurred a 
decrease in the pathogenicity of the bacterium and a more or less steady 
increase in that of the virus to the point of extreme intensity, and individual 
variation in mosaic-resistance was no longer manifest. 

4. Variants of Xanthomonas phaseoli differing in colony type and in 
virulence appeared in reisolation plates from bean plants inoculated with a 
combination of the bacterium and the mosaie virus. It is suggested that 
the virus influenced the tendency of the bacterium to dissociate. 
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INTRACELLULAR INCLUSIONS IN TOBACCO MOSAIC-INFECTED 
NICOTIANA GLUTINOSA AND ITS HYBRIDS' 


MaRK W. Woops 


Accepted for publication January 26, 1944) 


Tobacco mosaie virus (Marmor tabaci H.) induces the formation of both 
crystalline and amorphous inclusions in cells of suscepts, which develop 
systemic chlorotic symptoms following infection. Such inclusions have not 
hitherto been reported in suscepts such as Nicotiana glutinosa L., which 
respond necrotically to infection with this virus. Sheffield (4) was unable 
to find inclusions in the necrotic local lesions in infected N. glutinosa. Sinee 
the observations of Beale (2), Bawden and Sheffield (1), e¢ al., it has become 
increasingly evident that the crystalline inclusions characteristic of tobacco 
mosaic represent either virus alone, or a virus-host constituent complex 
composed largely of virus protein. The ‘‘X’’-bodies of this disease likewise 
contain much virus protein (1). Because of the etiologic significance of 
these inclusions it is of interest to know definitely whether their formation 
can be induced in necrotic-type suscept species. The experiments reported 


ere have proved that under certain environmental conditions hexagonal 


crystals and ‘‘X’’-bodies, typical of tobacco mosaic, can form in mosaic- 
infected cells of N. glutinosa and certain of its necrotizing hybrids. Necrotie 
response to tobacco mosaie¢ virus in this species is controlled by a single 
dominant gene (3). 

Detached leaves of both Nicotiana glutinosa and an F, hybrid hetero- 
zygous for the necrotizing gene (NV. tabacum var. Turkish x N. glutinosa) 
were employed in the tests. The upper surface of one half of each leaf 
was inoculated by rubbing with a freshly prepared extract of green-mottling 
tobacco mosaic virus (Marmor tabaci H.). The control half of each leaf 
was similarly rubbed with sterile water. The leaves were rinsed with tap 
water immediately after inoculation and cut transversely into 4 sectors. 
Three sectors of each leaf were held in water-saturated atmospheres in 
sealed glass containers (approx. 1 1. capacity) in absolute darkness at 27 
to 28° C. Each of these sectors was exposed to a different gas mixture 
in the containers. Container (a) was filled with plain air; container (b) 
with 73 per cent of oxygen, 17 per cent of nitrogen and 10 per cent of carbon 
dioxide; container (¢) was filled with 90 per cent of oxygen and 10 per cent 
of nitrogen. In each container the by-products of respiration were allowed 
to accumulate. The fourth leaf sector was held in darkness at the same 
temperature in an unsealed container, the lower half-inch of the leaf sector 
being immersed in tap water. Each experiment involved from 1 to 3 leaves. 
A typical experiment gave the following results: 

Six days after inoculation the leaf sectors that had been maintained in 
the sealed container of plain air, and in 90 per cent of oxygen, had yellowed 


The research here reported was carried on while the writer was a member of the 
staff of the Maryland Agricultural Experiment Station. 
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noticeably. The yellowing was particularly pronounced in the tissues held 
at the high oxygen concentration. In both cases the lesioned areas were only 
partly necrotic, and, though yellowish, had retained more of their original 
green color than noninfected tissues. 

The leaf sectors maintained in an atmosphere containing 10 per cent of 
carbon dioxide were still green at the end of the experiment. The lesioned 
areas, which were barely discernible, appeared to be slightly deeper green 
than the noninfected tissues. Each lesion was bordered by a faint water- 
soaked green necrotic ring. These visible lesions from sectors treated with 
10 per cent of carbon dioxide were slightly smaller than those formed in 
plain air or 90 per cent oxygen. This appeared to be due to masking of 
infected zones surrounding the necrotic rings since typical intracellular 
inclusions were observed in cells outside of the latter areas. These experi- 
ments demonstrated that 10 per cent of carbon dioxide not only retarded 
breakdown of the chlorophyll in noninfected tissues, but that this protective 
action extended to infected cells as well. In the latter case the necrotizing 
action of the virus was also materially reduced. 

Leaf sectors held in the open containers (low humidity) developed 
solid-necrotie lesions that rapidly dried out. 

Cytological examination of infected and control tissues from each set 
of experimental conditions revealed distinct differences between treatments. 


Crystalline inclusions and ‘‘X’’-bodies were never observed in lesioned 
areas of leaf sectors held in the un-sealed containers. Both types of 
inclusions were found in epidermal and mesophyll cells in lesions from 
leaves held in each of the sealed containers, being observed most frequently 
in material treated with 10 per cent of carbon dioxide. Apparently the 
combination of high humidity plus an increased concentration of carbon 
dioxide was the most favorable condition for development of both types 
of inclusions. The hexagonal crystals formed in Nicotiana glutinosa and 
its hybrid appeared as perfect hexagons in face view with striate rectangular 
cross sections, or as irregular aggregates of 2 or more erystals. They were 
essentially like those observed in systemie lesions in Turkish tobacco, except 
for a lack of stability in the cell. In mounts of N. glutinosa or hybrid tissue 
in tap water at 25 to 28° C., perfect hexagonal crystals were observed to 
become irregular in outline after 5 or more minutes and to go rapidly into 
solution. A foamy residue was left in the cytoplasm at the point previously 
occupied by the crystal. Crystals in mosaic-infected Turkish tobacco leaves 
have not been observed to break down under similar conditions, although 
application of ether, hexylresorcinol 1-1000 (‘‘ST-37’’), dilute alcohol and 
mineral acids will cause them to break down. 

In all of the lesions examined the crystals and ‘‘X’’-bodies were observed 
more frequently in a zone some 15 cells wide on either side of the necrotic 
areas than in the non-necrotic centers or further from the periphery. 
Amorphous masses somewhat resembling the crystals were sometimes 
observed in completely necrotic cells. When the content of the dead cells 








696 PHYTOPATHOLOGY [ VoL. 34 


had oxidized to a brown color these masses and the nucleus also were colored 
a deep-brown. The regular cytoplasmic streaming sometimes observed in 
cells containing both hexagonal crystals and ‘‘ X’’-bodies indicates that these 
cells in the lesioned areas of N. glutinosa were living. In one ease a cell with 


oe 


streaming cytoplasm and a large ‘‘X’’-body was immediately adjacent to 
a completely necrotic cell. 

Previous studies have shown that virus multiplication is dependent upon 
the functioning of a CN-sensitive respiratory system (5). The factors of 
high humidity, increased carbon dioxide concentration and darkness (modi- 
fied gas exchange through the stomata) might similarly interact to modify 
the development of tobacco-mosaic¢ symptoms from a complete necrosis 
without formation of intracellular inclusions to a less severe breakdown of 
the tissues. 

The formation of hexagonal crystals and ‘‘X’’-bodies seems to be asso- 
ciated with this lessening of the necrotic action of the virus on the eells. 

MARYLAND AGRICULTURAL EXPERIMENT STATION, 

COLLEGE PARK, MARYLAND. 
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ANATOMICAL EFFECTS OF OIL SPRAY INJURY 
IN GUAYULE SEEDLINGS 
FREDRICK T. ADDICOTT 
(Accepted for publication February 5, 1944) 
Oil sprays have been found very efficient in the control of weeds in the 
nurseries and fields where guayule is under cultivation. During the period 
of the development of spraying methods injury to the plants frequently was 








ri, a8 ee ve 


X i 
gg* Say Ne 


‘ 
NV a va 7 oe ’ 
~ 






a 
PR 
= 


; ve rele ae m 
Ss dnd ON 
Pick i BD , Sy +4, tf ‘a 
ot —— os * ree Kh ae oe! vay . 
: egy 
stg NE ~ 


6 nS 
:. 32 














if or oe Soi 





Fig. 1. Sections of oil-sprayed cotyledons. A. Uninjured cotyledon. B. 30 minutes 


after exposure to injurious amounts of oil spray. C. 2 hours after exposure. D. 24 hours 
after exposure. EE. 48 hours after exposure. Magnification about 95 x. 
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obtained. For the information of both research workers and those con- 
cerned with the production of guayule, an investigation of the anatomy of 
the injury was undertaken. It appears that these results may be of general 


interest also to pathologists. 
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Sections of oil-sprayed leaves. 
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Material was obtained from two groups of plants in the Guayule Nurs- 
The first group was collected 14 days 


eries (Alisal), at Salinas, California. 
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after the seed was planted, and was still in the cotyledon stage. The second 
group had grown for about 8 weeks and had produced about a dozen leaves. 
Cotyledons and leaves from both groups were collected within 1 minute fol- 
lowing exposure to an injurious spray (controls) and again in 30 minutes, 
2, 24, and 48 hours after exposure. Observations were restricted to the 
cotyledons and foliage leaves as the primary effects of the spray were not 
marked in other organs. 

The collected material was fixed in form-propiono-ethanol, dehydrated 
by means of tertiary butyl alcohol, and stained by safranine-fast green and 
safranine-hematoxylin. The methods employed followed the procedures 
outlined by Johansen in Plant Microtechnique. 

Externally the injury appeared as brownish spots. Cotyledons, how- 
ever, were often completely withered by the oil. In foliage leaves of older 
plants the spots varied from a few involving only a small fraction of the leaf 
area to large spots covering the entire leaf. 

Photomicrographs of sections of leaves and cotyledons appear in figures 
land 2. Figures 1, A, and 2, A, are the ‘‘controls,’’ which show no injury. 
Figures 1, B—E, and 2, B—F,, show examples of the progress of the injury in 
cotyledons and foliage leaves. Signs of injury appear within 30 minutes 
after exposure (Figs. 1, B, and 2, B). These show palisade cells in early 
stages of collapse. The leaf tissues most affected were those that apparently 
came in direct contact with oil. These were the epidermis (Figs. 1, E, and 
2, C, D) and the palisade just within the stomata (Figs. 1, D, and 2, B, F). 
Curiously enough, the trichomes, which appear only on the foliage leaves, 
were seldom affected. The injury was characterized first by a collapse and 
shrinkage of the entire cell including the cell wall (Figs. 1, C, D, and 2, B) 
and later by a more or less complete cytolysis (Figs. 1, E, and 2, D, E, F). 
Injurious effects appeared to have reached their maximum in 24 hours after 
exposure (Figs. 2, D, E). No indications of the invasion or extension of 
injuries by micro-organisms were observed. 

GUAYULE RESEARCH PROJECT, 

SALINAS, CALIFORNIA, 








A SIMPLE NUCLEAR STAIN AND STAINING TECHNIQUE FOR 
HELMINTHOSPORIA 


G. EE. Pawpnie 
(Accepted for publication February 24, 1944) 


While studying the nuclei of the vegetative cells, young conidiophores, 
and germinating spores of members of the genus Helminthosporium,! con- 
siderable difficulty was experienced with retention of the fungal material on 
a coverslip or slide during the staining procedures preparatory to micro- 
scopie examination. At first the method of Dickinson? was tried, which in 
brief consists of smearing a thin film of egg albumen on a slide, and then 
flooding it with a suspension of fungal inoculum. The fungal material is 
allowed to settle for a minute, the slide drained, and put aside to dry. 
Dickinson says ‘‘ This drying process was found to be the most critical part 
of the method. The slide must be allowed to dry in order to coagulate the 
egg albumen and so fix the inoculum to the slide, but it must not be allowed 
to dry sufficiently to kill the fungal material.’’ Often, when this procedure 
was followed, and the slide with its fungal material placed in Flemming’s 
solution and thence into Heidenhain’s haematoxylin, the film of albumen 
would become unstuck, and the slide and all preparatory work connected 
with it rendered worthless. Furthermore, with Helminthosporia, spore pro- 
duction often would not take place on an egg albumen substrate. 

Dickinson’s method finally was abandoned and a search made for some 
other technique. This note gives the details of the method finally adopted ; 
with certain modifications it should be adaptable to other fungi. 

From experience it was learned that most Helminthosporia will produce 
spores on corn-meal agar, made either from commercial material containing 
dextrose, or according to Shear’s formula, in which dextrose is not included. 
While a particularly recalcitrant isolate may refuse to sporulate on corn 
meal in a Petri dish, it usually can be induced to do so if the method to be 
deseribed is followed. Petri dishes are lined at top and bottom with filter 
paper, which is then moistened with tap or distilled water. The dishes need 
not be sterilized, and sterilized water need not be used, for just as good 
results were obtained with well-washed dishes as with sterilized ones. In 
the bottom of each dish, resting on the wet filter paper, place 2 pieces of glass 
rod, each about § to } the width of the bottom. Using chemically clean slides, 
grasp a slide at one end with a flamed forceps, and dip the slide for ? its 
length into 95 per cent alcohol, and flame. Have handy a flask of melted 
eorn meal agar. As soon as the alcohol on the slide has burned off, remove 
the cotton plug from the flask of agar, flame the mouth of the flask in the 
usual manner, and pour a small quantity of the agar on to the surface of the 


1 Research performed while on sabbatical leave from the University of Hawaii, Hono- 
lulu, T. H., at the University of Missouri, Columbia, Mo. 
2 Dickinson, Sidney. The nature of saltation in Fusarium and Helminthosporium. 
Minnesota Agr. Exp. Stat. Tech. Bul. 88: 1-42. 1932. 
TOO 
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slide not grasped by the forceps, with the slide in a horizontal position. 
Tip the slide and allow the excess agar to run off into a container. If the 
slide is hot, more agar may be left on the slide than if the slide is moderately 
cool, for in cooling, the slide in its former condition will dry off a consider- 
able amount of the residual agar. One should attempt to obtain a thin, even 
film of agar over the surface of the slide, which is next placed in the Petri 
dish so that it rests on the glass rods. The dish, as is now obvious, is merely 
a moist chamber, when covered. As soon as the agar has cooled, its surface 
is inoculated, usually in the middle. 

By microscopic examination of the inoculated slide in 24 to 72 hours, 
it may be determined if spore germination has occurred, or if young conidio- 
phores are present. The writer has found that an inoculated slide may be 
viewed under the microscope one or more times, each time requiring removal 
from its ‘‘moist chamber,’’ without much danger of contamination from 
the air. 

Staining to show the nuclei in Helminthosporia is easy and rapid when 
Maneval’s® acid fuchsin stain is used.* For convenience, the ingredients of 
this stain are repeated : 


Phenol, 5 per cent aqueous 30 ee. 
Glacial acetic acid, 20 per cent aqueous 8-10 ee. 
Ferric chloride, 30 per cent aqueous 4 ce. 


To the above add 1-2 ce. of a 1 per cent aqueous 
solution of acid fuchsin. 


To the slide on which the Helminthosporium sp. is sporulating or germi- 
nating, add enough acid fuchsin stain to flood the fungal material. This 
may be performed with impunity shortly after spore germination; to wash 
off the spores is extremely difficult. After 30 seconds to 3 minutes, depend- 
ing on the material and the intensity of staining desired, drain off the excess 
stain and flood the slide with tap water. Wash one or more times with tap 
water, each time allowing the water to stand on the slide for 3 to 10 seconds; 
the number of washings is determined by the retention of the stain, which 
ean be watched with the naked eye or with the microscope. Here, experi- 
ence is better than any written instructions. Add one to two drops of lacto- 
phenol and cover with a cover slip. Examine under oil. The nuelei stain 
bright pink, the remainder of the cell and its contents, hardly at all; the 
agar does not retain much dye, and visibility should be excellent. 

The lactophenol mentioned above is prepared in the usual manner, viz., 
distilled water 20 ce., phenol crystals (warmed until melted) 20 ec., lactic 
acid 20 ec., glycerin 40 cc. Preparations mounted in lactophenol and ringed 
with paraffin have been kept in useful condition for months, though the acid 


‘Maneval, W. E. Staining bacteria and yeasts with acid dyes. Stain Technology 
16: 13-19. 1941. 

4 The writer wishes to express his appreciation to Dr. W. E. Maneval of the Univer- 
sity of Missouri for suggesting the use of this stain and for helpful hints in staining 
technique. 
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fuchsin does decolorize slowly. This is sometimes a good point, for an over- 
stained slide when kept for a month to 6 weeks may show later all that was 


originally desired. 


VIRGINIA TRUCK EXPERIMENT STATION, 
NORFOLK, VIRGINIA, 














PHYTOPATHOLOGICAL NOTES 


Tulip Blight Controlled by Organic Sulphurs.'—Tulip blight (Botrytis 
tulipae (Lib.) Lind) has long been prevalent and destructive in the Pacific 
Northwest. Commercial-bulb farmers have relied upon Bordeaux sprays 
for control, but often more damage has occurred from copper burning than 
from fungus attack. 

In an attempt to obtain a more suitable fungicide, spraying experiments 
were initiated during the 1941-1942 bulb season with Bordeaux (2:4: 50 
and 4:4:50, the latter with and without Penetrol), copper phosphate, 
Coposil, Tennessee copper 26, Greenol, manganese-iron bordeaux, Lysol, 
potash-sulphur-resin, silver nitrate (2 formulas, silver-lauryl sulphate and 
silver-manganous sulphate’), Spergon, phenothiazine, malachite green (in 


TABLE 1.—Average results of 1943 spray trials for the control of Botrytis tulipae 
on four replications each of three tulip varieties 


| Average number Average degree 
Material Concentration of lesions per of burning per 
replication® replication» 
- | 
Check (water) 7 115.9 0.0 
Fermate 2 Ib.: 100 gal. 56.2 1.0 
Thiosan 13 lb.: 100 gal. 93.7 0.7 
Bordeaux 8:8: 100 gal. | 89.1 2.7 
Copper oxalate 3 Ib.: 100 gal. | 126.7 2.4 
Silver nitrate d 127.0 0.6 
Sulphur dust e 116.6 0.6 


4 Experiment statistically significant. The least difference required for significance 
is 57.4. 

» Degree of burning rated from ‘‘0’’ (no burning) to ‘‘5’’ (severe burning). 

© Penetrol added at rate of 1% pt. per 100 gal. as a wetting and sticking agent. 

41.195 g. silver nitrate, 3.79 g. manganese sulphate, 6.8 g. hydrated lime, 3.78 g. 
Vatsol OT per gal. 

e75 per cent sulphur, 24.9 per cent hard wheat flour, 0.1 per cent Vatsol K. 
oil emulsion and in water), Thiosan and Fermate. These were applied in 4 
replications each to the varieties Rev. H. Ewbank, William Pitt, and Rose 
Copeland. The number of Botrytis lesions were counted on 20 represen- 
tative leaves in each replication at the end of the season. Fermate and 
Thiosan, which averaged 15.3 and 16.7 lesions per replication, respectively, 
were superior to all other materials. Bordeaux (4:4:50 without Penetrol) 
averaged 47.9 lesions, whereas the check averaged 101.4 lesions per repli- 
cation. 

Spray trials were repeated in the spring of 1943, using the most promis- 
ing materials of the previous season as well as a sulphur dust and a copper 
oxalate spray. Three applications were made at 10-day intervals, beginning 
April 17, and again using 4 replications on the same three tulip varieties. 

1 Published as Scientific Paper No. 579, College of Agriculture and Agricultural Ex- 
periment Stations, State College of Washington, Pullman, Washington. 

2 Nielson, L. W., and C, E. Williamson. The composition and field performance of 
some silver sprays. Phytopath. 32: 1026-1030. 1942. 
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Results (Table 1) again demonstrate the superiority of Fermate over all 
other materials. 

The greater degree of infection in these trials over those in 1942 is partly, 
if not entirely, attributable to the fact that the first spray application was 
delayed until the tulips had become generally infected. Fermate caused 
some burning when applied with a knapsack sprayer in the 1943 plot tests, 
but none when it was applied with a power sprayer to tulips in commercial 
fields by two farmers. 

Fermate and Thiosan are closely related, both being derivatives of dithio- 
carbamic acid. The active ingredients in Fermate and Thiosan are ferric 
dimethyldithiocarbamate and tetramethyl thiuramdisulphide, respectively. 
The latter material was tried in 1938 in Holland (under the name Tulisan)* 
and found promising against tulip blight. 

Fermate often produces a splotchy appearance on the plant when applied 
with a knapsack sprayer. Therefore, Thiosan, which is less noticeable, 
appears to be preferable for home flower gardens. Fermate, because of its 
superior control quality, will be recommended for trial in commercial fields 
in 1944. Four applications of a 2 lb.: 100 gal. solution at 10-day intervals, 
beginning as soon as the leaves are 3 to 4 inches high, should be adequate 
under most conditions.—C, J. GouLpD, Western Washington Experiment Sta- 


tion, Puyallup, Washington, 


Dodder on Flax and its Control.'—In 1941 the important hemiparasitic 
dodder (Cuscuta) was observed for the first time on flax in Peru (Mid-coast 
section: Canete and Lima). Losses were sometimes serious because the 
dodder prevented development of the flax plants, made various cultivating 
processes difficult, and impeded proper retting. In some fields practically 
100 per cent of the plants were attacked, the ramifications of the dodder 
interlacing with the flax plants to form a virtual mattress. 

The species of Cuscuta which attacks flax in Peru is C. indecora Chois., 
according to the determination made by Dr. 8S. F. Blake, of the U. 8S. Depart- 
ment of Agriculture, Washington, D. C., to whom the writer expresses his 
oratitude. 

A survey of all available foreign literature with respect to control reveals 
only preventive measures such as the use of clean seed. The problem in 
Peru, however, is not only a matter of future control but of finding a killing 
agent for the parasite. El Servicio de Fitopatologia of La Molina Experi- 
ment Station, of which the writer is head, undertook to find a substance 
capable of destroying plants of Cuscuta without injuring flax. The prob- 
lem is very difficult, since plants of dodder are very resistant and those of 
flax very sensitive to various chemical agents. After testing a large number 
of different chemicals in varying concentrations, we found that very satis- 


Poeteren, van, N. Verslag over de werkzaamheden van den plantenziektenkundigen 
Dienst in het jaar 1938. Vers]. Plziekt. Dienst Wageningen 93: 1939. (Abs. in Rev. 
Appl. Mye. 19: 194-195. 1940.) 

1 Translated from the Spanish by Laura M, Hamilton, St. Paul, Minnesota. 
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factory results could be obtained with an aqueous solution of sodium hydrox- 
ide (NaOH) at concentrations varying from 8 to 10 parts per 1000, depend- 
ing on the stage of development of the flax. 

Dosage: When young flax plants are treated, always use a concentration 
of 8: 1000, applying 1 litre of solution to each 4 sq. m. or 25 hectolitres per 
hectare. When the flax is well developed, use a concentration of 10: 1000, 
applying 1 litre of solution to each 3 sq. m. or approximately 33 hectolitres 
per hectare. 

Since commercial soda (NaOH) is readily soluble in water, the quantity 
of soda to be used may first be dissolved in a small quantity of water and 
then to this solution may be added the amount of water necessary to bring 
it to the desired volume. 

Application: A single application is sufficient if it is made in accordance 
with the instructions given here, which are based on results of a large num- 
ber of trials. These instructions must be carefully followed to attain perfect 
control of Cuscuta and avoid burning of the flax plants. 

1. It is of prime importance to apply the solution with a power sprayer 
which has a pressure of 300 lbs., taking special care that the pressure does 
not diminish during the spraying operation. 

The stream produced by the power sprayer on the flax plants should 
be inclined from above, downward, and at an angle of 45° with the vertical. 

3. The spray should be as fine as possible. 

4. Special care should be taken to apply the spray as uniformly as pos- 


5. The solution should be applied very lightly on flax plants. 

6. Spraying should be done when there are no air currents. 

7. After being sprayed once, plants should not be sprayed again, since a 
repetition of the application will burn the flax plants. 

8. The concentration of the solution should not exceed 10: 1000 as a 
maximum. 

To avoid burning the flax, great care should be taken when the liquid 
in the spray machine is nearly gone, since the concentration of the solution 
is likely to be higher. 

By following these instructions faithfully, it is easy to obtain up to 90 
per cent control of Cuscuta. It should be kept in mind, however, that the 
method of application is of greater importance than the amount of material 
used.—G. Garcta Rapa, Estacion Experimental Agricola de La Molina, 
Lima, Peru. 
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ANNOUNCEMENT 


The American Phytopathological Society will not meet with the Amer- 
ican Association for the Advancement of Science in September. The Society 
will hold its 36th Annual Meeting and War Conference December 9-11, 
1944, at the Netherland-Plaza Hotel, Cincinnati, Ohio. Abstracts of papers 
to be presented at the meetings must be in the hands of the Secretary, Dr. 
C. C. Allison, by October 15. 


NOTICE 
NATIONAL ROSTER OF SCIENTIFIC AND SPECIALIZED PERSONNEL 


In the light of recent Selective Service directives which will result in the 
induction of many thousands of professionally and scientifically qualified 
young men under the age of 26, it is important that these particular in- 
dividuals who will enter the armed forces immediately notify the Roster of 
the branch of the armed forces they are entering, the date and place of their 
induction and, after induction, their serial number. Obviously the Roster, 
as a civilian agency of Government, has no responsibility in the assignment 
of its registrants within the armed forces. At the request of the War and 
Navy Departments, however, the Roster does furnish advice to the Office of 
the Adjutant General, War Department, and the Bureau of Naval Personnel, 
Navy Department, concerning the specialized training and qualifications of 
those of its registrants who are inducted into the Army or Navy. This in- 
formation is used as an aid in determining the initial military assignment 
of the parteular individual. 

It is conceivable that it may become imperative in the future—near or 
distant—to withdraw a number of professionally and scientifically qualified 
men from the armed forces in order to assign them to important research 
or production work in civilian war industry. The Roster’s records are suf- 
ficiently detailed to permit intelligent selection of persons possessing profes- 
sional qualifications in practically every kind of specialized field and it would 
probably be called upon to assist in any such assignment. It is important, 
therefore, that persons possessing professional or scientific qualifications 
register with the Roster and advise it immediately concerning any change in 
their status. Communications should be addressed to the National Roster 
of Scientific and Specialized Personnel, 1006 U Street, N.W., Washington 25, 
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